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VEHICLE WITH LIGHT CONTROL FILM ATTACHED TO ITS SUNROOF
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a light control film, a light control member, a vehicle, and a method for supplying
electricity to a light control film.

BACKGROUND ART

[0002] A liquid crystal display device used in a liquid crystal TV or the like is known, in which a fluorescent lamp is
used as a backlight. In such a liquid crystal display device, there is a case where a lighting period of the fluorescent
lamp performed by an inverter, and a data scanning period for driving liquid crystals interfere with each other, and "Moire
(interference fringe)" occurs, accordingly. In the related art, in order to solve the "Moire", there is a technology of syn-
chronizing the lighting period performed by the inverter with the data scanning period (referto Patent Documents 1 and 2) .
[0003] Similarly, there is a light control film attached to a sunroof of a vehicle, the film using liquid crystals to control
the transmission of the external light. The light control film changes a voltage applied to the liquid crystals, such that the
alignment of the liquid crystals is changed and an amount of transmitted external light is changed, accordingly.

Patent Document 1: Japanese Unexamined Patent Application, Publication No. H05-341262
Patent Document 2: Japanese Unexamined Patent Application, Publication No. H06-160804

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0004] In acase where an amount of external light incident on the light control film of the sunroof of the vehicle changes
periodically as emitted light of a fluorescent lamp, there is a case where "flickering" is observed in the transmitted light
of the light control film.

[0005] An object of the present invention includes providing a light control film which causes flickering to be less
recognizable when observing external light via the light control film, a light control member including the same, a vehicle,
and a method for supplying electricity to a light control film.

Means for Solving the Problems
[0006] In order to attain the object described above, the present invention provides the followings.

(1) A vehicle in which a light control film having a vertically-aligned liquid crystal layer is attached to a sunroof, in
which the light control film is attached to the sunroof of the vehicle such that liquid crystal molecules fall to a rear of
the vehicle when an electric field is applied to the liquid crystal layer.

(2) In (1), an electricity supply position of the light control film is located at an edge portion of the light control film
and rearward from a center of the light control film in a front-rear direction of the vehicle.

(3) In (1), the light control film is attached to the sunroof of the vehicle such that the liquid crystal molecules fall
diagonally rearward with respect to the vehicle when an electric field is applied to the liquid crystal layer.

(4) In (1), a direction in which the liquid crystal molecules fall when an electric field is applied to the liquid crystal
layer is configured to be in a direction of =135° and in a vicinity thereof when a travelling direction of the vehicle is
set to 0° in an in-plane direction of the light control film.

(5) In (1), an electricity supply position of the light control film is an edge portion of the light control film and is a
diagonal rear of the vehicle.

(6) A light control film including: a planar transparent electrode which is arranged on a base material and provided
with an electricity supply point connected to a driving power source; and an electrical wire electrically connected to
the transparent electrode, in which the electricity supply pointis provided in an outer edge portion of the transparent
electrode, and the electrical wire extends along the outer edge portion of the base material from the electricity supply
point, and is electrically connected to the transparent electrode at a connection point provided at a position different
from the electricity supply point.

(7) In (6), the base material includes a first base material and a second base material, the transparent electrode
includes afirsttransparent electrode arranged on the firstbase material and a second transparent electrode arranged
on the second base material, the first base material and the second base material are arranged such that the first
transparent electrode and the second transparent electrode face each other with liquid crystals interposed there-
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between, a first exposure surface not overlapping with the second base material is formed on a surface of the first
base material on a second base material side, a second exposure surface not overlapping with the first base material
is formed on a surface of the second base material on a first base material side, and the electrical wire is arranged
on the first exposure surface and the second exposure surface.

(8) In (6), the base material includes a first base material and a second base material, the transparent electrode
includes afirsttransparent electrode arranged on the firstbase material and a second transparent electrode arranged
on the second base material, the first base material and the second base material are arranged such that the first
transparent electrode and the second transparent electrode face each other with liquid crystals interposed there-
between, the first base material and the second base material are laminated such that a laminated region in which
the first base material and the second base material overlap with each other is generated, and an exposure surface
in which the first base material and the second base material do not overlap with each other is generated, the liquid
crystals and a seal material arranged to surround the liquid crystals are arranged in the laminated region, a first
exposure region not including the first transparent electrode exists in a portion of the first base material in which the
seal material is arranged, and a second exposure region not including the second transparent electrode exists in a
portion of the second base material in which the seal material is arranged.

(9) In (8), it may be preferable that one portion of the second transparent electrode is insulated from the other portion,
and the one portion is electrically connected to the first transparent electrode.

(10) In (), it may be preferable that the electrical wire is a flexible printed board in which a thickness of a copper
foil is greater than or equal to 9 micrometers.

(11) In (10), it may be preferable that two layers of copper foils are laminated each other with an insulating layer
interposed therebetween in the flexible printed board.

(12) In (6), it may be preferable that the electrical wire extends originating from the electricity supply point along two
sides extending in different directions.

(13) A light control member including: a transparent member; and the light control film according to (6) arranged on
the transparent member.

(14) A vehicle including: the light control film according to (6) arranged in a portion on which external light is incident
is provided.

(15) A method for supplying electricity to a light control film including a planar transparent electrode for which an
electricity supply point connected to a driving power source is provided; and electrical wire electrically connected
to the transparent electrode, the method including: supplying electricity to the transparent electrode from the electricity
supply point, and a connection point provided in a position different from the electricity supply point, both of which
are provided in an outer edge portion of the transparent electrode.

Effects of the Invention

[0007] According to the presentinvention, it is possible to provide a light control film which causes flickering to be less
recognizable when observing external light via the light control film, a light control member including the same, a vehicle,
and a method for supplying electricity to a light control film.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

Fig. 1 is a diagram illustrating a vehicle of a first embodiment.

Fig. 2 is a sectional view illustrating a basic configuration of a light control film used in the vehicle of the first
embodiment.

Fig. 3 is a graph illustrating a relationship between a driving voltage and a transmittance for the light control film.
Fig. 4 is a measurement result of an amount of external light relative to emitted light of a fluorescent lamp.

Fig. 5 is a graph illustrating a frequency of transmitted light when external light having an external light frequency
of 100 Hz is transmitted through the light control film having a transmittance frequency of 43 Hz.

Fig. 6 is a graph similar to Fig. 5, in which a viewing angle direction is changed, using the same light control film
under the same illumination as that of Fig. 5.

Figs.7A, 7B and 7C are diagrams illustrating the definition of an azimuthal angle or the like, in a single domain system.
Fig. 8 is a graph illustrating a fluctuation in a transmittance with respect to an applied voltage when a voltage to be
applied to the light control film is changed, and the light control film is observed from different angles.

Fig. 9 is a diagram illustrating spatially a direction in which liquid crystal molecules of the light control film arranged
on the sunroof fall with respect to an interior of the vehicle.

Fig. 10 is a graph illustrating a change of a voltage when the polarity of a voltage to be applied to the light control
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film is reversed.

Fig. 11 is a diagram illustrating a result of simulating a relationship between an interior position and a voltage of the
light control film immediately after electricity is supplied to the light control film from one location.

Fig. 12is a diagram illustrating an azimuthal angle in a multi-domain system of a second embodiment, and illustrates
a case where liquid crystal molecules fall in directions crossing each other at 90°.

Fig. 13 is a graph illustrating a fluctuation in a transmittance with respect to an applied voltage when a light control
film of the second embodiment is observed from different angles.

Fig. 14 is a diagram illustrating a spatial relationship of a direction in which the liquid crystal molecules of the light
control film arranged on the sunroof fall with respect to an interior of the vehicle, in the second embodiment.

Fig. 15 illustrates a case where in a multi-domain system (two domains), liquid crystal molecules of each of the
domains, fall in directions having an angle of 180° to each other.

Fig. 16 is a graph illustrating a fluctuation in a transmittance with respect to an applied voltage when the light control
film is observed from different angles, in the case of Fig. 15.

Fig. 17 is a diagram illustrating a direction in which the liquid crystal molecules fall in an in-plane direction of the
light control film, and a direction in which the light control film is observed by an observer.

Figs. 18A and 18B are simulation results illustrating a potential distribution of a transparent electrode in the case of
applying a driving voltage of 10 V, having a frequency of 60 Hz, in a comparative embodiment, in which Fig. 18A
illustrates a potential distribution of a lower transparent electrode, and Fig. 18B illustrates a potential distribution of
an upper transparent electrode.

Fig. 19 is a comparative embodiment, and is a graph illustrating Fig. 18 in a relationship between a distance from
an electricity supply point PO and a potential of a transparent electrode.

Fig. 20 is a comparative embodiment, and illustrates an electric field between an upper transparent electrode and
a lower transparent electrode in the same condition as that of Fig. 18.

Fig. 21 is a comparative embodiment, and is a graph illustrating Fig. 20 in a relationship between a distance from
an electricity supply point PO and an electric field strength.

Fig. 22 is a sectional view illustrating a basic configuration of a light control film of a third embodiment.

Fig. 23 is a plan view of the light control film of the third embodiment.

Figs. 24A and 24B illustrate voltages for both transparent electrodes in a case where a thickness of a copper foil of
an FPC is 35 pm and a frequency of a driving voltage is 240 Hz: Fig. 24A illustrates a potential of an electrode of
a lower laminate; and Fig. 24B illustrates a potential of an electrode of an upper laminate.

Fig. 25 is a diagram illustrating an electric field generated between the upper laminate and the lower laminate in a
case where the thickness of a copper foil of FPC is 35 um and a frequency of a driving voltage of a rectangular
wave supplied from a power source is 240 Hz.

Fig. 26 illustrates a relationship between a potential difference between an upper transparent electrode and a lower
transparent electrode and the distance from the electricity supply point, in a case where the thickness of the copper
foil of FPC is 35 wm and frequencies of the driving voltage of the rectangular wave supplied from the power source
are different from each other.

Fig. 27 is a diagram illustrating a relationship between the distance from the electricity supply point and the potential
difference, in the third embodiment and a fourth embodiment.

Fig. 28 is a diagram corresponding to Fig. 26, illustrating a relationship between a potential difference between the
upper transparent electrode and the lower transparent electrode and the distance from the electricity supply point,
in a case where the thickness of a copper foil of FPC is 9 um and frequencies of the voltage supplied from the power
source are different from each other.

Figs. 29A and 29B are plan views of a light control film of a fifth embodiment, in which Fig. 29A is a diagram illustrating
a patterning shape of an upper transparent electrode, and Fig. 29B is a diagram illustrating a patterning shape of
a lower transparent electrode.

Fig. 30 is an enlarged view of a region S surrounded by a dot-and-dash line of Fig. 29A.

Fig. 31 is a flowchart illustrating a manufacturing process of a light control film 1B.

Figs. 32A and 32B are plan views of a light control film of a sixth embodiment, in which Fig. 32A is a diagram
illustrating a patterning shape of an upper transparent electrode, and Fig. 32B is a diagram illustrating a patterning
shape of a lower transparent electrode.

Fig. 33 is an enlarged view of a region S surrounded by a dot-and-dash line of Fig. 32A, and is a diagram illustrating
the patterning shapes of the upper and lower transparent electrodes.

Fig. 34 is a sectional view along line A-B of Fig. 33.

Figs. 35A and 35B are plan views of a light control film of Modification Embodiment 2.

Figs. 36A and 36B are plan views of a light control film of a seventh embodiment.

Figs. 37A and 37B are diagrams each illustrating a patterning shape or the like of upper and lower transparent
electrodes at a connection point P1.
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PREFERRED MODE FOR CARRYING OUT THE INVENTION
First Embodiment
(Vehicle)

[0009] Fig. 1 is a diagram illustrating a vehicle 130 including a sunroof 132 to which a light control film 1 of a first
embodiment is attached. The vehicle 130 is provided with an opening 131 to which the sunroof 132 is attached to cover
the head of a passenger. A laminate of the light control film 1 is arranged at the opening 131 to form the sunroof 132.
Here, an attachment method of the light control film 1 is not limited to a case where the light control film 1 is attached
to the sunroof, and may also be applied to a case where the light control film 1 is attached to a portion of controlling
light, such as a show window, other windows that is a portion of the vehicle on which external light is incident (for example,
a front window, a side window, a rear window, a roof window, a sun visor, and the like), window glass of a building, a
showcase, and an indoor transparent partition.

[0010] In the vehicle 130 of the this embodiment, a driver’s seat is arranged at a right and front portion of the vehicle
130, and as illustrated in Fig. 1, the sunroof 132 is provided to cover from a front seat including the driver’'s seat to a
rear seat. In addition, the light control film 1 is used as a laminate that is laminated on a transparent member forming
the sunroof 132 by using a pressure-sensitive adhesive, an adhesive, or the like. The light control film 1 is not limited to
the above description, and may be interposed between laminated glasses (transparent members). In addition, glass, a
transparent resin substrate, or the like may be adopted for the transparent member.

(Basic Configuration of Light Control Film)

[0011] Fig. 2 is a sectional view illustrating a basic configuration of the light control film 1 used in the vehicle of the
first embodiment. The light control film 1 is a film-like member that controls transmitted light with liquid crystals and is
configured to interpose a liquid crystal cell 4 for a light control film between linear polarization plates 2 and 3.

(Linear Polarization Plate)

[0012] The linear polarization plates 2 and 3 are produced by interposing an optical functional layer between base
materials of a transparent film material such as triacetyl cellulose (TAC). The optical functional layer has an optical
function as a linear polarization plate, which is formed by the impregnation of iodine or the like in polyvinyl alcohol (PVA)
and subsequent stretching. The linear polarization plates 2 and 3 are arranged in cross-nicol arrangement on the liquid
crystal cell 4 with an adhesive layer such as an acrylic transparent pressure-sensitive adhesion resin. The linear polar-
ization plates 2 and 3 are provided with phase difference films 2A and 3A for optical compensation on sides of the liquid
crystal cell 4, respectively, but the phase difference films 2A and 3A may be omitted, as necessary.

(Liquid Crystal Cell)

[0013] The liquid crystal cell 4 is configured to interpose a liquid crystal layer 8 between a film-like lower laminate 5D
and a film-like upper laminate 5U.

(Lower Side Laminate and Upper Side Laminate)

[0014] The lower laminate 5D is formed by laminating a transparent electrode (a lower transparent electrode and a
second transparent electrode) 11, a spacer 12, and an alignment layer (a lower alignment layer) 13 on a base material
(a lower base material) 6 of a transparent film material. The upper laminate 5U is formed by laminating a transparent
electrode (an upper transparent electrode and afirsttransparent electrode) 16, and an alignment layer (an upper alignment
layer) 17 on a base material (an upper base material) 15 of a transparent film material.

(Base Material)

[0015] Various transparent film materials may be applied as the base materials 6 and 15, and it may be desirable that
a film material having small optical anisotropy is applied. In this embodiment, a polycarbonate film having a thickness
of 100 wm is applied as the base materials 6 and 15, but film materials having various thicknesses may be applied, and
a cycloolefin polymer (COP) film or the like may be applied.
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(Transparent Electrode)

[0016] The transparent electrodes 11 and 16 in the shape of a plane, to which various electrode materials may be
applicable, are formed of a transparent electrode material of indium tin oxide (ITO) in this embodiment.

(Spacer)

[0017] The spacer 12is provided in order to define the thickness of the liquid crystal layer 8, and various resin materials
may be applied to the spacer 12. In this embodiment, the spacer 12 is a photo-spacer made of a photoresist, which is
produced by applying the photoresist onto the base material 6 which has been provided with the transparent electrode
11, and by exposing and developing the photoresist. The spacer 12 may be provided on the upper laminate 5U, or may
be provided on both of the upper laminate 5U and the lower laminate 5D. In addition, the spacer 12 may be provided
on the alignment layer 13. Further, a so-called bead spacer may alternatively be applied to the spacer.

(Alignment Layer)

[0018] The alignmentlayers 13 and 17 are formed of an optical alignment layer. Various materials to which an optical
alignment method is applicable may be adopted widely as an optical alignment material applicable to the optical alignment
layer. A photodimerization type material is used in this embodiment, for example. The photodimerization type material
is disclosed in "M. Schadt, K. Schmitt, V. Kozinkov and V. Chigrinov: Jpn. J. Appl. Phys., 31, 2155 (1992)", "M. Schadt,
H. Seiberle and A. Schuster: Nature, 381, 212(1996)", and the like. Furthermore, an alignment layer may be produced
according to a rubbing treatment, and an alignment layer may be produced by performing a molding treatment with
respect to a fine line-like concave-convex shape, instead of the optical alignment layer.

(Liquid Crystal Layer)

[0019] Various liquid crystal layer materials applicable to such a type of light control film 1 may be adopted for the
liquid crystal layer 8. Specifically, for example, a liquid crystal material such as MLC2166 manufactured by Merck & Co.
may be adopted for the liquid crystal layer 8. In this connection, a seal material 19 is arranged to surround the liquid
crystal layer 8 in the liquid crystal cell 4, and the upper laminate 5U and the lower laminate 5D are integrally retained
by the seal material 19. Accordingly, the leakage of the liquid crystal material is prevented. Here, for example, an epoxy
resin, an ultraviolet curable resin, and the like may be as adopted for the seal material 19.

(Driving Power Source)

[0020] A driving power source S1 applies a driving voltage of a rectangular wave, of which the polarity is switched at
regular intervals, between the transparent electrodes 11 and 16 of the light control film 1. When the driving voltage is
applied to the transparent electrodes 11 and 16 provided in the upper laminate 5U and the lower laminate 5D, respectively,
an electric field is generated in the liquid crystal layer 8. According to the electric field generated in the liquid crystal
layer 8, the alignment of the liquid crystal layer material provided in the liquid crystal layer 8 is controlled. Accordingly,
it is possible to control the transmitted light of the light control film 1 and to perform the control of light.

[0021] In the alignment control of the liquid crystal layer 8 of the light control film 1 of the present embodiment, a
vertical alignment mode (VA, vertically-aligned) is applied. As for the VA mode, liquid crystal molecules of the liquid
crystal layer 8 are vertically aligned in the absence of an electric field, in which the amplitude of the driving power source
S1is 0 V (when the driving voltage is 0 V), and the light control film 1 is in a light shielding state where incident light is
shielded, accordingly. In addition, the liquid crystal layers of the liquid crystal layer 8 are horizontally aligned when the
amplitude of the driving power source S1 increases to raise the driving voltage and the light control film 1 allows the
incident light to transmit through, accordingly. In this connection, the liquid crystal cell 4 of this embodiment is driven by
a so-called single domain.

(Fluctuation in Transmittance)

[0022] Fig. 3 is a graph illustrating a relationship between the driving voltage and the transmittance in the light control
film 1.

[0023] Asillustrated, the driving voltage of the rectangular wave, of which the polarity is switched at the regular intervals,
is applied from the driving power source S1 between the transparent electrodes 11 and 16 of the light control film 1.
When the polarity of the driving voltage reverses, charge and discharge is executed with respect to electrostatic capac-
itance of the liquid crystal layer between the transparent electrodes 11 and 16. A time required for the charge and
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discharge changes according to the electrostatic capacitance of the light control film 1, a resistance value of the trans-
parent electrodes 11 and 16, and a connection method from the power source. The charge and discharge is performed
at a time constant of approximately 1 millisecond in the example of Fig. 2. The electrostatic capacitance increases as
the area of the light control film 1 increases, and it is difficult to set the resistance value of the electrode to be less than
a predetermined value. Accordingly, it may be difficult to shorten largely the time constant.

[0024] For this reason, a voltage having been applied to the liquid crystal layer 8 temporarily decreases, and as a
result, the electric field acting on the liquid crystal molecules decreases instantaneously. Accordingly, the direction of
the liquid crystal layer molecules of the liquid crystal layer changes temporarily according to a decrease in the electric
field, and then, returns to the original state. Accordingly, the transmittance of the light control film 1 temporarily decreases.
Thatis, the transmittance of the light control film 1 is not constant, but fluctuates at a first frequency identical to a frequency
of a driving voltage change (hereinafter, referred to as a transmittance frequency).

(Flickering according to Relationship between External Light and Transmittance Fluctuation)

[0025] When the external light of which an amount of light fluctuates at a second frequency (hereinafter, referred to
as an external light frequency) transmits through the light control film 1 of which the transmittance fluctuates at a pre-
determined transmittance frequency, there is a case where "flickering" is observed in light transmitted through the light
control film 1, according to a relationship between the transmittance frequency and the external light frequency. Here,
it is difficult to recognize the flickering when a change in the amount of transmitted light is small, since the flickering is
perceived according to the tone of the light. In addition, it is difficult to recognize the flickering insofar as a frequency, in
general, is greater than or equal to 30 Hz.

(External Light Frequency)

[0026] Fig. 4 is a measurement result of the external light amount according to emitted light of a fluorescent lamp. In
a case where the fluorescent lamp is driven by a commercial power source of a frequency of 50 Hz, intra-tube discharge
occurs every half period of the commercial power source. Then, a fluorescent body emits light as a result of the intra-
tube discharge, and allows the light to be emitted with an amount of light changing substantially in a sinusoidal wave at
a frequency of 100 Hz. Accordingly, the amount of the external light from the fluorescent lamp changes at a frequency
of 100 Hz, but it is not recognized as flickering since a frequency of changing is greater than or equal to 30 Hz.

[0027] In this connection, an amount of brightness is controlled by pulse-width modulation in an LED illumination
device orthe like, which has beenrecently used as awidespread illumination appliance. As for the pulse-width modulation,
the amount of light changes largely and it is easily recognizable as flickering, accordingly. The LED illumination device
or the like is driven at a frequency of greater than or equal to 100 Hz, which is higher than 30 Hz. In this connection, the
frequency of the external light from the illumination device, the change of which results from such driving, is referred to
as the external light frequency.

(Transmittance Frequency)

[0028] On the other hand, in a case where the frequency of the driving voltage of the light control film 1 (a frequency
identical to the transmittance frequency) is high, an average transmittance decreases since the transmittance drops
every time when the polarity switches. Therefore, it may be preferable that the frequency of the driving voltage (the
transmittance frequency) is not as high as the external light frequency and the frequency of the driving voltage is greater
than or equal to 30 Hz. In Fig. 4, the transmittance frequency is 43 Hz. As described above, it may also be possible to
prevent the flickering of the transmitted light due to a change in the transmittance of the light control film itself in a case
where the transmittance frequency is greater than or equal to 30 Hz.

[0029] Fig. 5 is a graph illustrating the frequency of the transmitted light when the external light having an external
light frequency of 100 Hz is transmitted through the light control film 1 having a transmittance frequency of 43 Hz. As
illustrated, the amount of the transmitted light changes at a frequency identical to the external light frequency from the
microscopic viewpoint. However, each peak of the external light frequency pulsates at the transmittance frequency.
Accordingly, an interference wave having a third frequency of a wavelength of 0.075 seconds (13 Hz) (hereinafter referred
to as an interference light frequency) occurs. The interference light frequency of 13 Hz, which is lower than the threshold
frequency of 30 Hz over which it is difficult to recognize flickering, is recognized as flickering.

[0030] On the other hand, Fig. 6 is a graph similar to Fig. 5 under the same illumination with the same light control
film as those of Fig. 5, when a viewing angle direction is changed. In this case, a modulation degree of the transmittance
due to interference is low, and it is not recognized as "flickering". That is, the appearance of "flickering" differs when the
viewing angle changes.

[0031] Next, a difference in the appearance of "flickering" according to an angle of observing the light control film 1
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will be described.

[0032] Figs. 7A, 7B and 7C are each a diagram illustrating the definition of an azimuthal angle or the like in a single
domain system.

[0033] Fig.7Aisaschematic sectional view of the light control film 1. State A indicates a state of liquid crystal molecules
4a in a case where an electric field is not generated between the transparent electrodes 11 and 16. Here, the liquid
crystal molecules 4a are in a state of vertical alignment, in which a long axis direction is vertical to an in-plane direction
of the light control film 1. State B indicates a state in which an electric field is generated and the liquid crystal molecules
4a are tilted. Here, the liquid crystal molecules 4a start to rotate towards a horizontal alignment such that the long axis
direction of the liquid crystal molecules 4a agrees with the in-plane direction due to the electric field by the electrode.
[0034] Fig. 7B is adiagram illustrating a polar angle o which is an angle of observing the light control film. As illustrated,
the polar angle of this embodiment, which is represented with a symbol o in Fig. 7B, is an angle between a normal
direction of the light control film 1 (a thickness direction) and a direction in which an observer E observes the light control
film 1 (an observation angle), when observing the light control film 1 upwardly from lower. Therefore, the polar angle a
is 0°, when the observer E looks up directly above, that is, the light control film 1 is observed in a direction vertical to
the film surface thereof.

[0035] Fig. 7C is a diagram illustrating an azimuthal angle of the liquid crystal molecules. A direction in which the liquid
crystal molecules 4a fall is defined as an azimuthal angle of 0° in a clockwise direction, when an electric field is generated
in the in-plane direction of the light control film 1.

[0036] Here, arelationship between the direction in which the liquid crystal molecules 4a fall and the direction in which
the observer E observes the light control film 1 will be further described.

[0037] Fig. 17 is a diagram illustrating the direction in which the liquid crystal molecules 4a fall and the direction in
which the observer E observes the light control film 1, in the in-plane direction of the light control film 1.

[0038] Asdescribed above, the direction in which the liquid crystal molecules 4a fall due to the generation of an electric
field is set to an azimuthal angle of 0° in the in-plane direction of the light control film 1. At this time, for example, when
the observer E observes the light control film 1 at an azimuthal angle of 0°, as illustrated with (a) in Fig. 17, a direction
K1 in which the observer E observes the light control film 1 (the liquid crystal molecules 4a) is a direction of an azimuthal
angle of 0° in the in-plane direction of the light control film 1. That is, an angle between a direction in which the observer
E looks (a direction of observation) and an azimuthal angle of 0° is 0°.

[0039] In addition, for example, (b) and (c) in Figs. 17 illustrate that the light control film 1 is observed at an azimuthal
angle of 30° and at an azimuthal angle of 180°, respectively, as illustrated in Directions K2 and K3 in which the observer
E observes the light control film 1 (the liquid crystal molecules 4a) agree with directions of azimuthal angles of 30° and
180° in the in-plane direction of the light control film 1, respectively. That is, an angle between the direction in which the
observer E looks (the direction of observation) and an azimuthal angle of 0° is 30° and 180°, respectively.

[0040] Fig. 8 is a graph illustrating a fluctuation in a transmittance with respect to an applied voltage when the light
control film 1 is observed from different angles by changing a voltage to be applied to the light control film 1. Furthermore,
the light control film 1 is observed from below in the vehicle, similarly with a state in which the light control film 1 is
attached to the sunroof 132.

[0041] "o = 0°" represented in Fig. 8 corresponds to a case where the light control film 1 is observed from a front
direction thereof, and indicates a state in which the observer looks up at the light control film 1 positioned directly above
(on the head) from directly below. That is, it indicates a case where the light control film 1 is observed at 0° of the polar
angle a. In addition, other angles of 0°, 30°, 45°, 60°, 75°, 90°, 120°, 135°, 150°, and 180°, illustrated in Fig. 8, are an
azimuthal angle indicating an angle of observing the light control film 1. Fig. 8 indicates observation results in which the
light control film 1 is looked up from below at a polar angle of 30°and at these azimuthal angles in the in-plane direction
of the light control film 1. For example, "30°" in Fig. 8, indicates a state in which the light control film is looked at the
polar angle o of 30°, and a case where the light control film 1 is observed at an azimuthal angle of 30° (a direction of
30° with respect to an azimuthal angle of 0°).

[0042] Inaddition,inFig. 8, and Fig. 13 and Fig. 16 described below, the transmittance is calculated under the condition
that the light control film 1 observed from below. The transmittance is calculated by an LCD master manufactured by
Shintech Co., Ltd. In addition, the falling of the liquid crystal molecules 4a according to the application of the voltage
occurs in a fashion in which a lower end of the liquid crystal molecules 4a is fixed and an upper side thereof falls.
[0043] As illustrated in Fig. 8, when the light control film 1 is observed at an azimuthal angle of 180°, that is, when the
liquid crystal molecules 4a fall in a forward direction, in the in-plane direction of the light control film 1, the transmittance
starts to change at a comparatively low voltage and does not change as the voltage increases subsequent to reaching
a saturated transmittance.

[0044] As illustrated in Fig. 8, a fluctuation in the transmittance with respect to a voltage change is small in a range of
approximately 4 V to 7 V, in a case where the light control film 1 is observed at an azimuthal angle of approximately
120° to 180°, surrounded by a dot-and-dash line b, for example, compared to a case where the light control filim 1 is
observed at an azimuthal angle of approximately 0° to 45°, surrounded by a dotted line a. At this time, the rotation of
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the liquid crystal molecules does not stop, but the liquid crystal molecules continuously rotate since the transmittance
at 0° to 45° fluctuates. This is a state in which a change in the transmittance is not recognizable depending on the visual
angle of the observer.

[0045] A fluctuation in the transmittance, which results in flickering, is caused by the slight rotation of the liquid crystal
molecules from a horizontal alignment toward a vertical alignment due to switching of the polarity of the voltage applied
to the liquid crystal molecules. However, since the liquid crystal molecules do not completely but slightly return to the
vertical alignment, it is difficult to recognize flickering in a case where a fluctuation in the transmittance is small with
respect to such amount of movement. Therefore, in order to make it difficult to recognize flickering, the light control film
1 may be arranged to be observed in a direction where a fluctuation in the transmittance is small with respect to a
fluctuation in the voltage.

[0046] In a case where the light control film 1 is attached to the sunroof 132 of the vehicle 130, there is a bias in a
direction where the light control film 1 is observed by a passenger. That is, a possibility that a passenger on a rear seat
looks at the sunroof 132 is the highest and a possibility that a driver looks at the sunroof while driving is low. Then, a
possibility (a frequency) that both of the passenger and the driver look at the front side of the sunroof is high, but a
possibility that both turn around and look at the rear side of the sunroof is low.

[0047] For this reason, the direction in which the liquid crystal molecules 4a fall (a direction of an azimuthal angle of
0°) is determined such that it is difficult to recognize flickering in this embodiment, for a case where the passenger (in
particular, the passenger on the rear seat) looks at the front of the sunroof 132, of which an observation possibility is
the highest.

[0048] As described above, according to Fig. 8, in a case where the light control film 1 is observed at an azimuthal
angle of 120° to 180°, surrounded by the dot-and-dash line b, a fluctuation in the transmittance of the light control film
1 is small with respect to a change in the voltage. It is more difficult to recognize flickering as a fluctuation in the
transmittance is smaller. Therefore, it may be preferable that the light control film 1 is arranged on the sunroof 132 such
that a direction in which the passenger on the rear seat observes the sunroof 132 is in the vicinity of an azimuthal angle
of 120° to 180°.

[0049] Fig. 9 is a diagram illustrating a relationship between the direction in which the liquid crystal molecules 4a of
the light control film 1 arranged on the sunroof 132 fall and positions in the vehicle.

[0050] As described above, it may be preferable that the light control film 1 is arranged on the sunroof 132 such that
the direction in which the passenger on the rear seat of the vehicle 130 observes the sunroof 132 is in the vicinity of an
azimuthal angle of 120° to 180°, from the viewpoint of reducing flickering. That is, it may be preferable that the light
control film 1 is attached to the vehicle 130 such that the liquid crystal molecules 4a fall to the rear of the vehicle 130
(including the diagonal rear).

[0051] In this embodiment, as illustrated in Fig. 9, the liquid crystal molecules 4a are configured to fall to the left-
diagonal rear, as an example. Furthermore, in this embodiment, as described above, the driver’s seat is arranged in the
right-front portion, but in a case where the driver’s seat is arranged in a left- front portion, the liquid crystal molecules
4a fall to the right-diagonal rear.

[0052] The reason why the liquid crystal molecules 4a diagonally fall is described below.

[0053] The light control film 1 is produced in a rectangular shape in the plan view, and slow axis directions of the linear
polarization plates 2 and 3 are set to be parallel to one side of the rectangular shape. The linear polarization plate is
manufactured such that the slow axis direction agrees with a horizontal direction or a vertical direction in order to increase
the number of linear polarization plates in manufacturing the linear polarization plates 2 and 3 in a rectangular shape.
On the other hand, the direction in which the liquid crystal molecules 4a of the light control film 1 fall is a diagonal angle
with respect to a slow axis. Therefore, the direction in which the liquid crystal molecules 4a of the light control film 1 fall
is diagonal to a travelling direction of the vehicle 130. In such a case, it is possible to reduce flickering sufficiently for
practical use.

[0054] Here, in a case where it is possible to allow a decrease in the number of linear polarization plates in the
manufacturing procedure and to ensure the sufficient number of linear polarization plates by setting the slow axis direction
of the linear polarization plates 2 and 3 in line with a diagonal direction, the light control film 1 may be attached to the
sunroof 132 such that the liquid crystal molecules 4afall rearward in a reverse direction of the travelling direction (rearward
at an angle of 180° with respect to the travelling direction), but not in line with the diagonal rear with respect to the
travelling direction of the vehicle 130. Under this condition, the passenger on the rear seat of the vehicle 130 observes
the sunroof 132 and the light control film 1 at an azimuthal angle of 180°, and it is possible to reduce flickering more
effectively compared to a case where the liquid crystal molecules 4a are arranged to fall diagonally rearward.

[0055] The reason why the liquid crystal molecules 4a fall diagonally rearward is that a direction in which the driver
turns back, that is, the direction of the left-diagonal rear, is set to an azimuthal angle of 0° because a possibility that the
driver positioned in the right-side front portion turns back and looks at the sunroof is low.

[0056] At this time, more specifically, in a case where the driver’s seat is arranged in the right-side front portion of the
vehicle 130, it may be preferable that the direction in which the liquid crystal molecules 4a fall (a direction of an azimuthal
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angle of 0°) agrees with a direction of 135° counterclockwise with respect to the travelling direction of the vehicle 130.
In addition, in a case where the driver’s seat is arranged in the left-side front portion of the vehicle 130, it may be preferable
that the direction in which the liquid crystal molecules 4a fall agrees with a direction of 135° clockwise with respect to
the travelling direction of the vehicle. It may be most preferable from a point of symmetrical consideration that the direction
in which the liquid crystal molecules 4a fall agrees with a direction of 180° with respect to the travelling direction of the
vehicle 130. However, a use efficiency of the polarization plate decreases to result in a cost increase in this case as
described above. For this reason, it may be preferable that the direction in which the liquid crystal molecules 4a fall (a
direction of an azimuthal angle of 0°) agrees with a direction of 135° counterclockwise or clockwise with respect to the
travelling direction of the vehicle 130.

[0057] According to this embodiment, when the passenger observes a portion of the sunroof 132, the portion being
located front apart from right overhead of the seat on which the passenger is seated, a fluctuation in the transmittance
of the light control film 1 of the sunroof 132 is recognized smaller than the sunroof 132 is observed from other directions.
Accordingly, when the passenger observes the external light through the sunroof 132, it is difficult to observe flickering.

(Relationship with respect to Electricity Supply Position)

[0058] Fig. 10 is a graph illustrating a voltage change when the polarity of the voltage applied to the light control film
1 reverses. Fig. 10 shows a relationship between an elapsed time and the voltage in a predetermined portion when a
voltage of 10 V is applied to the transparent electrode 11, for a case where time constants are 10 psec, 0.1 msec and
1 msec. As illustrated, as a time constant becomes longer, a period of time in which the voltage of the transparent
electrode 11 is lower than 10 V is long, that is, an increase in the voltage becomes moderate.

[0059] Whentheincreaseinthe voltage becomes moderate, the liquid crystal molecules are rotated due to the influence
of the voltage. Consequently, the transmittance of the light control film 1 fluctuates. The graph of the transmittance in
Fig. 10 illustrates a fluctuation in the transmittance when the time constant is 1 msec.

[0060] In addition, as a distance from the electricity supply position increases, the time constant becomes longer.
Accordingly, when the distance from the electricity supply position increases in the light control film 1, an increase in the
voltage becomes moderate to cause as a result the liquid crystals to rotate and the transmittance to fluctuate, such that
flickering is easily viewed. Further, as the distance from the electricity supply position increases, the voltage does not
increase completely within the time constant and an effective voltage becomes lower, accordingly.

[0061] Fig. 11is a diagramiillustrating a result of simulating a relationship between a position and a voltage in the light
control film 1 immediately after electricity is supplied from an electricity supply position PO of the transparent electrode
11 of the light control film 1 of this embodiment.

[0062] Inthe embodiment, a left-diagonal rear position of the light control film 1 illustrated with an arrow in the drawing
corresponds to the electricity supply position PO. The left-diagonal rear represents a position on a line L1 tilted by an
angle of 8 with respect to a line L directed from the center of the light control film 1 towards front of the vehicle 130 in
the travelling direction, in an edge portion of the light control film 1. The angle 6 is greater than 90° and less than 180°.
[0063] As illustrated in Fig. 11, an effective voltage of the left-diagonal rear close to the electricity supply position PO
is high and the effective voltage becomes lower as the distance from the electricity supply position PO increases. A time
constant of the left-diagonal rear close to the electricity supply position PO is short and the time constant becomes longer
as the distance from the electricity supply position PO increases. Accordingly, a fluctuation in the transmittance of the
left-diagonal rear close to the electricity supply position PO is small and a possibility of flickering observed is low. The
fluctuation in the transmittance is large and flickering is easily viewed as the distance from the electricity supply position
PO increases.

[0064] First, descriptions will be given of a case where the electricity supply position with respect to the light control
film 1 is provided in the right-diagonal front of the vehicle 130. With the case described above, a fluctuation in the liquid
crystal molecules due to a polarity switching decreases in the right-diagonal front around the electricity supply position.
However, the fluctuation in the liquid crystal molecules increases in the vicinity of the left-diagonal rear far from the
electricity supply position.

[0065] Atthistime, light passing diagonally through the light control film 1 from front to rear of the vehicle 130 is incident
light coming in a direction in which a transmittance fluctuation is small (a direction of an azimuthal angle of 120° to 180°)
with respect to a fluctuation in the liquid crystal molecules. Accordingly, it is difficult to recognize flickering due to a
fluctuation in the liquid crystal molecules resulting from the polarity switching of the voltage. Therefore, it is also difficult
to recognize flickering for the light passing through a region far from the electricity supply position at the rear of the vehicle.
[0066] However, since light diagonally passing through the rear region of the light control film 1 from rear to front of
the vehicle 130, is in a direction in which a fluctuation in the transmittance is large (a direction of an azimuthal angle of
0° to 45°), as with a case where the passenger of the vehicle looks up rearward in the vehicle, a fluctuation in the liquid
crystal molecules due to the polarity switching of the voltage is recognized easily as flickering.

[0067] In addition, most of the light diagonally passing through the front region of the light control film 1 from rear to
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front of the vehicle 130 passes through the front glass and travels into an exterior of the vehicle 130. Therefore, if the
electricity supply position is arranged on the front of the vehicle and a fluctuation in the liquid crystal molecules in the
front region of the light control film 1 decreases, it is not possible to obtain such an effect.

[0068] In contrast, in a case where the electricity supply position is arranged at the rear of the vehicle 130 and light is
diagonally transmitted through the light control film 1 from diagonal rear to front of the vehicle 130, a fluctuation in the
liquid crystal molecules in the rear region of the vehicle 130 close to the electricity supply position decreases Accordingly,
it is possible to suppress flickering.

[0069] In addition, as with a case where the electricity supply position is positioned on the front of the vehicle 130,
most of the light diagonally passing through the front region of the light control film 1 toward the front in the vehicle,
passes through the front glass and travels into the exterior of the vehicle. Accordingly, it is difficult to visually recognize
flickering.

[0070] Furthermore, as for light transmitted through the light control film 1 in a right overhead direction of the vehicle
body of the vehicle 130 (light transmitted through the light control film 1 from a normal direction of a front surface of the
light control film 1), it is difficult to recognize flickering when viewed in any direction.

[0071] Accordingly, in order to reduce flickering for a case where light is diagonally incident on the light control film 1
from the rear of the vehicle, it may be preferable that the electricity supply position PO of the light control film 1 is disposed
at the rear of the vehicle 130, that is, the rear from the center of the light control film 1 in a front-rear direction of the
vehicle 130, and at the edge portion of the light control film 1. In addition, it may be preferable that the electricity supply
position PO of the light control film 1 is provided somewhere on a side 1a which is the rear of the vehicle 130, as illustrated
in Fig. 9.

[0072] Therefore, in this embodiment, the electricity supply position PO is set to the left-diagonal rear of the vehicle
130, as an example. Here, as described above, in this embodiment, the liquid crystal molecules 4a of the light control
film 1 fall to the left-diagonal rear of the vehicle 130 in the in-plane direction of the light control film 1, and when the
passenger in the vehicle observes the sunroof, it is difficult to recognize flickering in the front of the vehicle 130, but it
is easy to recognize flickering in the rear compared to the front.

[0073] As described above, as a result of the electricity supply position PO being set to the left-diagonal rear of the
vehicle 130, it is possible that flickering hardly occurs in the left-diagonal rear. In a case where the electricity supply
position PO is located at the left-diagonal rear, flickering easily occurs in the right-diagonal front, far from the electricity
supply position PO. However, as described above, it is difficult to recognize flickering in the front since the liquid crystal
molecules 4a fall to the left-diagonal rear of the vehicle 130. Therefore, even if the left-diagonal rear is the electricity
supply position PO, a possibility that flickering is recognized in the front is low.

[0074] As described above, according to this embodiment, it is possible that flickering hardly occurs for light incident
from both front and rear of the light control film 1. For this reason, the passengers in the vehicle do not sense any
flickering inside the vehicle or feel uncomfortable.

[0075] Furthermore, in this embodiment, it may be preferable that the electricity supply position PO of the light control
film 1 is located at the rear of the vehicle 130, and an example where the electricity supply position PO is provided at
the left-diagonal rear of the vehicle 130 has been described. However, the electricity supply position PO may be located
at the front of the vehicle 130 in the case of emphasizing a flickering reduction effect in the sunroof 132 on the front side
of the vehicle 130 or the case of considering flickering in light that is diagonally incident from rear to front of the sunroof
132 (the light control film 1). In this case, specifically, it may be preferable that the electricity supply position PO is provided
somewhere on a side 1b illustrated in Fig. 9.

Second Embodiment

[0076] Next, a light control film of a second embodiment will be described. The second embodiment is different from
the first embodiment in that liquid crystal molecules 4a of a light control film 1 are arranged in a multi-domain system.
Other features are similar to those of the first embodiment, and thus, the repeated description will be omitted.

[0077] Fig. 12 is a diagram illustrating an azimuthal angle in a multi-domain system of two domains, and illustrates a
case where liquid crystal molecules 4a-1 and 4a-2 of respective domains fall at an angle of 90° to each other.

[0078] As illustrated in Fig. 12, the liquid crystal molecules 4a-1 and 4a-2 fall in directions at an angle of 90° crossing
each other with a voltage applied in the in-plane direction of the light control film 1, in this embodiment. In this case, a
direction of an arrow C which divides evenly the angle of the directions in which two liquid crystal molecules 4a-1 and
4a-2 fall is set as an azimuthal angle of 0°.

[0079] Fig. 13 is a similar graph to that of Fig. 8 of the first embodiment in the case of Fig. 12, and is a graph illustrating
a fluctuation in the transmittance with respect to an applied voltage when the light control film 1 is observed from different
angles by changing the voltage to be applied to the light control film 1.

[0080] "o =0°"representedin Fig. 13 indicates a state in which the light control film positioned directly above is looked
up from directly below. That is, it is a case where the light control film 1 is observed at a polar angle a of 0°, similarly
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with Fig. 8 described above. In addition, other angles of 0°, 30°, 45°, 60°, 75°, 90°, 120°, 135°, 150° and 180° shown in
Fig. 13 are azimuthal angles indicating angles of observing the light control film 1. Fig. 13 indicates a state in which the
light control film 1 is looked up from the bottom at a polar angle of 30° and at each azimuthal angle in the in-plane
direction of the light control film 1, similarly with Fig. 8 described above. Furthermore, the arrow C direction is set to an
azimuthal angle of 0° in the azimuthal angle illustrated in Fig. 13, as described for Fig. 12.

[0081] When the light control film 1 is observed at azimuthal angles of approximately 120° to 180° in the second
embodiment, a fluctuation in the transmittance with respect to a voltage change is small, for example, in a range of
approximately 4 Vto 7V, compared to a case where the light control film 1 is observed at azimuthal angles of approximately
0° to 60°. However, the liquid crystal molecules fall in two directions in the multi-domain and a fluctuation in the trans-
mittance with respect to a voltage change is averaged to be moderate, compared to the first embodiment.

[0082] In the second embodiment, it is also difficult to recognize flickering when a fluctuation in the transmittance is
small. Accordingly, the light control film 1 is configured to be observed in a direction where a fluctuation in the transmittance
with respect to a voltage fluctuation is small in order to make it difficult to recognize flickering.

[0083] Therefore, alsointhe second embodiment, the direction in which the liquid crystal molecules 4afall is determined
such that it is difficult to recognize flickering for a case where the passenger (in particular, the passenger on the rear
seat) looks at the front, of which an observation possibility is the highest.

[0084] As described above, according to Fig. 13, a fluctuation in the transmittance with respect to a voltage change
is small in a case where the light control film 1 is observed at azimuthal angles of 120° to 180° with voltage range of
approximately 4 V to 7 V. It is difficult to recognize flickering as a fluctuation in the transmittance is small.

[0085] Therefore, the light control film 1 is arranged on the sunroof 132 such that a direction in which a passenger at
a rear seat observes a sunroof 132 falls in the vicinity of azimuthal angles of 120° to 180°.

[0086] Fig. 14 is a diagram illustrating a relationship between the direction in which the liquid crystal molecules 4a of
the light control film 1 arranged on the sunroof 132 fall and a position in a vehicle. In this embodiment, as illustrated in
Fig. 14, the liquid crystal molecules 4a of each domain fall to the left-diagonal rear or the right-diagonal rear.

[0087] Here, the falling to the left-diagonal rear or the right-diagonal rear indicates that an upper end of the liquid
crystal molecules 4a falls to the diagonal rear, for example, in a direction of =135° with respect to a travelling direction
when the travelling direction of the vehicle 130 is set to 0°. At this time, when the travelling direction of the vehicle 130
is set to 0°, an azimuthal angle of 0° is a direction of 180°.

[0088] Inthe second embodiment also, the light control film 1 is arranged with respect to the sunroof 132 of the vehicle
such that the liquid crystal molecules 4a fall to the left-diagonal rear or the right-diagonal rear. Therefore, when the
passenger looks right overhead or front at the sunroof 132 from the seat on which the passenger is seated, a fluctuation
in the transmittance in the light control film 1 of the sunroof 132 is recognized smaller than when the sunroof 132 is seen
from other directions. Therefore, when the external light is observed through the sunroof 132, it is difficult to observe
flickering.

[0089] Also in the second embodiment, it may be preferable that an electricity supply position PO is located at the rear
of the vehicle 130, and for example, the electricity supply position PO is located at the left-diagonal rear of the vehicle
130. Accordingly, it is possible that flickering hardly occurs in the left-diagonal rear. Here, in a case where the electricity
supply position PO is located at the left-diagonal rear, flickering may tend to occur in the right-diagonal front far from the
electricity supply position PO. However, it is difficult to recognize flickering at the front, since the liquid crystal molecules
4a fall diagonally rearward. Therefore, if the left-diagonal rear is the electricity supply position PO, a possibility that
flickering is recognized at the frontis low. As described above, also in the second embodiment, itis possible that flickering
hardly occurs in light incident from both front and rear of the light control film 1. For this reason, the passengers in the
vehicle do not sense any flickering inside the car or feel uncomfortable.

[0090] Fig. 15 also illustrates a case where the liquid crystal molecules of each domain fall in directions at an angle
of 180° crossing each other, in the multi-domain system (two domains).

[0091] In this case, in the liquid crystal molecules on one side (for example, in Fig. 15, a liquid crystal molecules 4a-
1), a direction in which the liquid crystal molecules fall (an arrow D direction illustrated in Fig. 15) is set to an azimuthal
angle of 0°.

[0092] Fig. 16is a graph illustrating a fluctuation in the transmittance with respect to the applied voltage when the light
control film is observed from different angles by changing the voltage to be applied to the light control film 1, for the case
of Fig. 15.

[0093] Angles of 0°, 30°, 45°, 60°, and 90°, illustrated in Fig. 16, are azimuthal angles indicating angles of observing
the light control film 1, and indicate a state in which the light control film 1 is looked up from the bottom, at a polar angle
of 30°. Fig. 16 shows a case where the observation is performed at each azimuthal angle in the in-plane direction of the
light control film 1, similarly with Fig. 8 and the like, as described above. Furthermore, in the azimuthal angle illustrated
in Fig. 16, the arrow D direction is set to an azimuthal angle of 0°, as described for Fig. 15.

[0094] In this mode, since an angle at which the falling directions of liquid crystal molecules 4a-1 and 4a-2 cross each
other is 180°, results at azimuthal angles of 0 to 90° are illustrated in Fig. 16. This is because the angle between the
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directions in which the liquid crystal molecules 4a-1 and 4a-2 fall is 180°, and thus, for example, transmittances at
azimuthal angles of 10° and 190° are identical to transmittances at azimuthal angles of 350° and 170°, respectively.
Accordingly, transmittances at azimuthal angles of 90° to 180° are substantially identical to transmittances at azimuthal
angles of 90° to 0°.

[0095] As illustrated, in this case, a fluctuation in transmittances with respect to applied voltages does not change
largely depending on the azimuthal angles at which the light control film 1 is observed. Therefore, the direction in which
the liquid crystal molecules fall is not particularly limited with respect to the travelling direction of the vehicle 130. However,
also in this case, the electricity supply position PO with respect to the light control film 1 is located at the rear of the
vehicle 130. Accordingly, it is possible that flickering hardly occurs in light coming from behind. In addition, when the
electricity supply position PO with respect to the light control film 1 is located at the front of the vehicle, it is possible that
flickering hardly occurs in light coming from front.

[0096] Hereinafter, a light control film, an electricity supply method, and the like according to a third embodiment to a
seventh embodiment will be described. Light control films described in the third embodiment to the seventh embodiment
are attachable to a sunroof 132 or a window of a vehicle 130, window glass of a building, and the like, as with the light
control film 1 of the first embodiment described above.

[0097] In addition, the third embodiment to the seventh embodiment are each an embodiment relevant to an electricity
supply direction with respect to a light control film, and a direction in which liquid crystal molecules of the light control
film fall is not particularly limited.

Comparative Embodiment

[0098] Next, in order to easily describe the third embodiment to the seventh embodiment described below, a compar-
ative embodiment will be described in advance. Figs. 18A and 18B are each a diagram illustrating a comparative
embodiment of the third embodiment to the seventh embodiment. In the comparative embodiment, as illustrated by an
arrow in the drawing, an electricity supply point PO is provided at one corner of four corners of a light control film 1 in a
rectangular shape. A voltage is supplied to two electrodes of a lower transparent electrode 11 and an upper transparent
electrode 16 of a liquid crystal cell 4 of the light control film 1, from one location of the electricity supply point PO. In
addition, in the comparative embodiment, a direction in which liquid crystal molecules fall is not limited.

[0099] Figs. 18A and 18B are each a simulation result illustrating a potential distribution of a transparent electrode in
the case of applying a driving voltage of 10 V, having a frequency 60 Hz. Fig. 18A illustrates a potential distribution of
the lower transparent electrode 11, and Fig. 18B illustrates a potential distribution of the upper transparent electrode
16. The transparent electrode is formed of ITO and has a thickness of 100 nm. The size of a light control film is 1.2 (m)
X 0.8 (m).

[0100] Fig. 19 is a graph translating Figs. 18A and 18B in a relationship between a distance from the electricity supply
point PO and the potential of the transparent electrode. "A" illustrates the potential of the upper transparent electrode
16, and "B" illustrates the potential of the lower transparent electrode 11.

[0101] Fig.20illustrates an electric field between the upper transparent electrode 16 and the lower transparent electrode
11 in the same condition as that of Figs. 18A and 18B.

[0102] Fig. 21 is a graph illustrating Fig. 20 in the distance from the electricity supply point PO and an electric field
strength.

[0103] In the comparative embodiment, as illustrated, a voltage close to the electricity supply point PO is high and the
voltage decreases as the distance from the electricity supply point PO increases. In a case where a voltage of 10 V is
applied to the electricity supply point PO, a voltage at a point P3 which is a position diagonal to the electricity supply
point PO is approximately 6.5 V, in the example of Figs. 18A and 18B. That is, a time constant when the polarity of a
driving voltage is reversed becomes longer as being remote from the electricity supply point PO, and a drop in the
transmittance increases. For this reason, in the comparative embodiment, a fluctuation in the transmittance is large and
flickering is easily recognized in a portion far from the electricity supply point PO.

(Third Embodiment)

[0104] Fig. 22 is a sectional view illustrating a basic configuration of a light control film 1A according to a third embod-
iment.

[0105] Fig. 23 is a plan view of the light control film 1A of the third embodiment.

[0106] As illustrated, the light control film 1A of the third embodiment is similar to the light control film 1 of the first
embodiment described above, except that aspect ratios of a lower transparent electrode 11 and an upper transparent
electrode 16 are slightly different from each other, the lower transparent electrode 11 and the upper transparent electrode
16 are arranged such that lateral sides are shifted from each other, and an electricity supply method is different.
[0107] In the third embodiment, as with the comparative embodiment, as illustrated by an arrow in the drawing, an
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electricity supply point PO is provided on one corner of four corners of the light control film 1A in a rectangular shape. A
voltage is supplied to two electrodes of the lower transparent electrode 11 and the upper transparent electrode 16 of a
liquid crystal cell 4 of the light control film 1A, from the electricity supply point PO.

[0108] Furthermore, in this embodiment, the lower transparent electrode 11 is provided on an entire surface of a base
material 6, and the upper transparent electrode 16 is provided on an entire surface of a base material 15. Accordingly,
the lower transparent electrode 11 and the base material 6 are in the same shape, and the upper transparent electrode
16 and the base material 15 are in the same shape.

[0109] In addition, in this embodiment, a cohesion layer 6a is provided on a surface of the base material 6 facing the
lower transparent electrode 11, and a cohesion layer 15a is provided on a surface of the base material 15 facing the
upper transparent electrode 16.

[0110] The cohesion layers 6a and 15a are formed of an inorganic substance, an organic substance, or a mixture
thereof.

[0111] SiOx (x = 1 to 2), MgF,, Al,O3, TiO,, Nb,O5, and the like may be preferable as the inorganic substance.
Examples of the organic substance include an acrylic resin, an urethane resin, a melamine resin, an alkyd resin, a
siloxane-based polymer, and the like, and it may be preferable that a thermosetting resin formed of a mixture of a
melamine resin, an alkyd resin, and an organic silane condensate, is used as the organic substance.

[0112] In addition, a manufacturing method of the cohesion layers 6a and 15a includes dry process such as a vacuum
vapor deposition method, a sputtering method, and an ion plating method, a wet process (a coating method), or the like.
[0113] It may be preferable that the cohesion layers 6a and 15a are formed of one or a plurality of layers of two or
more layers, and the overall thickness is approximately 1 nm to 300 nm.

[0114] In addition, as illustrated in Fig. 22 and Fig. 23, in the light control film 1A of this embodiment, the size of the
lower transparent electrode 11 is different from the size of the upper transparent electrode 16.

[0115] Thatis, a length LU of the upper transparent electrode 16 in a longitudinal direction is longer than a length LD
of the lower transparent electrode 11 in the longitudinal direction. And a length WU of the upper transparent electrode
16 in a transverse direction is shorter than a length WD of the lower transparent electrode 11 in the transverse direction.
[0116] Two electrodes of the lower transparent electrode 11 and the upper transparent electrode 16 having different
shapes are arranged such that central axes thereof are coincident with each other. In this manner, a first upper-side
lateral side 5UL extending in the longitudinal direction (a first direction) from the electricity supply point PO in four lateral
sides of the upper transparent electrode 16 and a first lower-side lateral side 5DL extending in the longitudinal direction
from the electricity supply point PO in four lateral sides of the lower transparent electrode 11, for example, are configured
to be separated sideway from each other by approximately 2 mm while being parallel to each other. It should be noted
that the strict parallelism is not necessary.

[0117] In addition, a second upper lateral side 5US extending in the transverse direction (a second direction) from the
electricity supply point PO in four lateral sides of the upper transparent electrode 16, and a second lower-side lateral
side 5DS extending in the transverse direction from the electricity supply point PO in four lateral sides of the lower
transparent electrode 11 are configured to be separated sideway from each other by approximately 2 mm while being
parallel to each other.

[0118] Accordingly, in the upper transparent electrode 16, an exposure surface (a first exposure surface) 5u directed
towards the lower transparent electrode 11 side is formed in an edge portion extending to P2 from the electricity supply
point PO along the transverse direction.

[0119] In addition, in the lower transparent electrode 11, an exposure surface (a second exposure surface) 5d directed
towards the upper transparent electrode 16 side is formed in an edge portion extending to P1 from the electricity supply
point PO along the longitudinal direction.

[0120] A flexible printed board (FPC) 21 extends to the electricity supply point PO of the lower transparent electrode
11 and the upper transparent electrode 16 from a driving power source S1. The FPC 21 is electrically connected to the
lower transparent electrode 11 and the upper transparent electrode 16 at the electricity supply point PO.

[0121] The FPC 21 is formed of laminated two layers of copper foils through an insulating layer. In the laminated two
layers of copper foils, one copper foil is arranged to electrically connected to one transparent electrode (for example,
the upper transparent electrode), and the other copper foil is arranged to electrically connect to the other transparent
electrode (for example, the lower transparent electrode), at the electricity supply point PO. The FPC 21 is divided into
FPCs 21a and 21b in two directions from the electricity supply point PO. Furthermore, the FPCs 21a and 21b may be
separately produced and then respectively connected to the FPC 21. Alternatively, two FPCs 21a and 21b which are
separately produced and connected to each other may be connected to the FPC 21. The FPC 21a extends along the
exposure surface 5d and the FPC 21b extends along the exposure surface 5u.

[0122] In this embodiment, a front surface of the copper foil is further covered with a cover lay in the FPC 21. A five-
layer structure is used, which includes a cover lay, a copper foil, an insulating layer, a copper foil and a cover lay in this
order in the thickness direction. Furthermore, a laminated structure of the FPC 21 is not limited thereto and another
structure may be adopted through suitable selection. For example, three or more layers of copper foils may be laminated
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through an insulator in the thickness direction.

[0123] The FPCs 21aand 21b are fixed with a tape or the like. However, the FPCs 21a and 21b are not limited thereto,
and may be bonded to each other with an adhesive.

[0124] Each ofthe FPCs 21a and 21b extends an outer edge portion of the base materials 6 and 15, and is electrically
connected to the lower transparent electrode 11 and the upper transparent electrode 16 at connection points P1 and
P2 each provided at a corner adjacent to the electricity supply point PO. The FPC 21a and the FPC 21b are each
connected electrically to a corresponding connection point in such a manner that one of the laminated two layers of
copper foils is arranged to have electrical continuity with one transparent electrode (for example, the upper transparent
electrode), and the other is arranged to have electrical continuity with the other transparent electrode (for example, the
lower transparent electrode).

[0125] The FPCs 21a and 21b do not have electric continuity with the electrodes at points other than the electricity
supply point PO, and the connection points P1 and P2 provided at the corner adjacent to the electricity supply point PO.
[0126] That is, the FPCs 21a and 21b are not continuously connected electrically to the lower transparent electrode
11 and the upper transparent electrode 16 on a surface (a line), but are electrically connected at a plurality of points (the
electricity supply point and the connection point) with a predetermined interval.

[0127] Furthermore, in this embodiment, the FPC 21a is electrically connected to the lower transparent electrode 11
and the upper transparent electrode 16 at two points of the electricity supply point PO and the connection point P1
provided at the corner adjacent to the electricity supply point PO, and the FPC 21b is electrically connected to the lower
transparent electrode 11 and the upper transparent electrode 16 at two points of the electricity supply point PO and the
connection point P2 provided at the corner adjacent to the electricity supply point PO. However, the FPCs 21a and 21b
are not limited thereto, and each of the FPCs 21a and 21b may be electrically connected to the lower transparent
electrode 11 and the upper transparent electrode 16 at two or more points.

[0128] In addition, in this embodiment, the FPC 21 is connected to the lower transparent electrode 11 and the upper
transparent electrode 16 at the connection points P1 and P2 on the corner but is not limited thereto. The FPC 21 may
be connected to the lower transparent electrode 11 and the upper transparent electrode 16 in a portion other than the
corner.

[0129] Figs.24A and 24B illustrate potentials of the lower transparent electrode 11 and the upper transparent electrode
16, respectively, in a case where the thickness of the copper foil of the FPC is 35 um, the width is 2 mm and a driving
voltage of 10 V is applied with the polarity switched at a frequency of 240 Hz. Fig. 24A illustrates the potential of the
electrode of an upper laminate 5U and Fig. 24B illustrates the potential of the electrode of an lower laminate 5D.
[0130] The thickness of the copper foil of the FPC is not limited to 35 um, and may be greater than or equal to 9 um.
[0131] Fig. 25 is a diagram illustrating an electric field to be generated between the upper laminate 5U and the lower
laminate 5D in the same condition.

[0132] Fig. 26 illustrates a relationship of a potential difference between the lower transparent electrode 11 and the
upper transparent electrode 16 with respect to the distance from the electricity supply point PO, in the same condition.
[0133] Fig. 27 illustrates a relationship between the distance from the electricity supply point PO and a potential
difference between the lower transparent electrode 11 and the upper transparent electrode 16, in the same condition
for the third embodiment and the fourth embodiment described below.

Effect of Third Embodiment
[0134]

(1) As illustrated in Fig. 24A, Fig. 24B and Fig. 25, according to this embodiment, a voltage drop in the in-plane
direction of the light control film 1A is small, compared to the comparative embodiment of Figs. 18A and 18B.
Regarding a frequency of switching polarity as illustrated in Fig. 26, the higher the frequency is, the larger is a ratio
of a drop in the voltage with respect to an increase in the distance from the electricity supply point PO.

As illustrated in Fig. 27, a potential difference between the upper transparent electrode 16 and the lower transparent
electrode 11 at a distance approximately 1.4 m (in the vicinity of P3 diagonal to the electricity supply point PO) from
the electricity supply point PO and at a time of 1 msec after polarity switching is approximately 9.7 V, for a case
where a driving voltage of 10 V with the polarity switching at a frequency of 240 Hz is applied.

Adifference between the value described above and 10 V is considerably reduced, compared to a potential difference
of 6.5 V in the comparative embodiment illustrated in Fig. 27.

That is, a drop in the transmittance is small at a position apart from the electricity supply point PO, since a time
constant when the polarity of the driving voltage is reversed becomes shorter compared to the comparative embod-
iment. For this reason, at the portion far from the electricity supply point PO, a fluctuation in the transmittance
decreases and it is difficult to recognize flickering.

(2) According to this embodiment, there is one electricity supply point PO connected directly to the driving power
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source S1. The FPC 21 is configured to extend in two directions along the lateral sides of the lower transparent
electrode 11 and the upper transparent electrode 16 from the electricity supply point PO. Thus, the FPC 21 extends
and is connected to the lower transparent electrode 11 and the upper transparent electrode 16 at the connection
points P1 and P2 apart from the electricity supply point PO. Accordingly, electricity supply to the lower transparent
electrode 11 and the upper transparent electrode 16 is also performed from a point other than the electricity supply
point PO.

Accordingly, it is possible to decrease a drop in the transmittance by easy wiring and easy installation work, compared
to increasing the number of electricity supply points PO.

(3) For example, it may be optional that a bus line is arranged in the light control film 1A of this embodiment, such
that sheet resistances of the lower transparent electrode 11 and the upper transparent electrode 16 are substantially
reduced. In this case, an electricity supply efficiency is improved, but the appearance is damaged by the bus line.
If the bus line is formed to be thin such that the bus line is not noticeable, the cost may increase. However, in this
embodiment, the FPC 21 is provided in an outer circumferential portion, and thus, can be covered at the time of
attaching the light control film 1A to the sunroof 132. Accordingly, the appearance is not damaged and the cost does
not increase in order to form the bus line to be thin.

[0135] In addition, the FPC 21 is not connected to the entire lateral sides of the lower transparent electrode 11 and
the upper transparent electrode 16, but is electrically connected to the lower transparent electrode 11 and the upper
transparent electrode 16 at positions (the connection points P1 and P2) apart from the electricity supply point PO by
predetermined distances. When the FPC 21 is connected to the entire lateral side, a voltage drop occurs in the middle.
However, since the FPC 21 is connected to the lower transparent electrode 11 and the upper transparent electrode 16
at the connection points P1 and P2 apart from the electricity supply point PO, voltage drops at the connection points are
small.

[0136] Furthermore, in this embodiment, an example has been described in which the light control film 1A is formed
by interposing a liquid crystal layer 8 between the base materials 6 and 15. However, the light control film 1A is not
limited thereto, and the same effect may be obtained by adopting the same configuration provided as the electricity
supply method in a light control film of an alternating voltage driving, and hysteresis or a driving mode not having a
memory function, for example, a suspended particle device (SPD) mode.

Modification Embodiment 1

[0137] Furthermore, in Fig. 26, in a case where the frequency of the driving voltage becomes higher, a charging time
(or a discharging time) of each frame, is 8.3 msec at 60 Hz, 4.2 msec at 120 Hz, and 2.1 msec at 480 Hz. The time
constant is a value intrinsic to the light control film 1A, and does not depend on the frequency. In a case where the
distance from the electricity supply point PO increases, the time constant increases, and thus, in a case where charge
and discharge is not completed within the time described above, the effective voltage becomes lower. Since the degree
of adecrease in the voltage increases as the time becomes shorter, this degree of a decrease increases as the frequency
becomes higher.

[0138] InFig. 26, frequency dependency of a reaching potential difference increases as the distance from the electricity
supply position increases. This indicates that the time constant becomes longer as the distance from the electricity
supply position increases. Accordingly, when flickering is noticeable at 30 Hz to 60 Hz of driving voltage, it may be
preferable that more connection points provided than this embodiment. For example, any one of FPCs 21a and 21b is
configured to extend, and a connection point may be provided at a position P3 diagonal to the electricity supply point
PO illustrated in Fig. 23. According to the modification embodiment as described above, it may be possible to reduce a
decrease in the electric field at a position apart from the electricity supply point PO.

Modification Embodiment 2

[0139] InFig. 23, an example is illustrated in which the FPCs 21a and 21b extend in two directions from the electricity
supply point PO, and are electrically connected to the lower transparent electrode 11 and the upper transparent electrode
16 atthe two connection points P1 and P2. However, itis not limited to this, but the number of connection points may be one.
[0140] Figs. 35A and 35B are each a plan view of a light control film of Modification Embodiment 2. Fig. 35A is a plan
view of an example of the light control film (a light control film 1D-1) of Modification Embodiment 2, and Fig. 35B is a
plan view of an example of another light control film (a light control film 1D-2) of the Modification Embodiment 2.
[0141] As illustrated in Fig. 35A, in the light control film 1D-1, one FPC 21a extends in one direction along an exposure
surface 5d from an electricity supply point PO, and is electrically connected to a lower transparent electrode 11 and an
upper transparent electrode 16 at a connection point P1. That is, as for the light control film 1D-1, electrical continuity
with electrodes is established only at two points of the electricity supply point PO and the connection point P1.
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[0142] In addition, as illustrated in Fig. 35B, in the light control film 1D-2, one FPC 21b extends in one direction along
an exposure surface 5u from the electricity supply point PO, and is electrically connected to the lower transparent electrode
11 and the upper transparent electrode 16 at a connection point P2. That is, as for the light control film 1D-2, electrical
continuity with electrodes is established only at two points of the electricity supply point PO and the connection point P2.
[0143] In this embodiment, the slope of a potential difference is slightly precipitous, but it is possible to sufficiently
reduce flickering for practical use, compared to the third embodiment described above. In a case where the size of the
light control film is smaller than the size described in the third embodiment (1.2 m X 0.8 m), in particular, it may be
possible that the slope of a potential difference is moderate and flickering is reduced effectively.

[0144] In addition, this embodiment may make it possible that flickering is reduced sufficiently along with reducing the
number of members involved in the wiring and the like and suppressing the production cost and the like.

Fourth Embodiment

[0145] Fig. 28 is a diagram corresponding to Fig. 26, illustrating a relationship between a potential difference between
both electrodes and a distance from an electricity supply point PO, in a case where the thickness of a copper foil of FPC
21 is 9 pm, and frequencies of voltages to be supplied from a driving power source S1 are 60 Hz, 120 Hz, 240 Hz, and
480 Hz. In addition, the width of the copper foil is 2 mm.

[0146] Effective voltages become lower as the distance from the electricity supply point PO increases, compared to
Fig. 26. In the case of 240 Hz, a potential difference is less than or equal to 9 V of an allowable range at the distance
of approximately 1.4 m from the electricity supply point PO. Accordingly, flickering tends to be recognized easily.
[0147] However, the effective voltage at a point P3 on a diagonal line is greater than or equal to 9 V of an allowable
range at 60 Hz or 120 Hz. Accordingly, a considerable difference is not observed in the transmittance in the case of
driving at a frequency of less than or equal to 60 Hz.

[0148] However, in a case where the thickness of the copper foil is 9 um and flickering is noticeable as the time
constant becomes longer, it may be possible to improve the degree of flickering by increasing one connection point to
another position as described above, for example, the position P3. In addition, it may be possible to improve the degree
of flickering by further increasing a line width from 2 mm.

Fifth Embodiment

[0149] Next, a light control film 1B of a fifth embodiment will be described. Figs. 29A and 29B are each a plan view of
the light control film 1B of the fifth embodiment. Fig. 29A is a diagram illustrating a patterning shape of an upper transparent
electrode 16, and Fig. 29B is a diagram illustrating a patterning shape of a lower transparent electrode 11.

[0150] In descriptions below, the same reference numerals will be applied to the same portions as those of the third
embodiment. The fifth embodiment is different from the third embodiment in shapes of the upper transparent electrode
16 and the lower transparent electrode 11. Furthermore, the description of alignment layers 17 and 13 will be omitted
in the following description. The alignment layers 17 and 13 are formed on the upper transparent electrode 16 and the
lower transparent electrode 11, respectively.

(Cohesion Layer)

[0151] In the fifth embodiment, as described in the third embodiment, a cohesion layer 15a is formed on a front surface
of a base material 15 (hereinafter, referred to as an upper base material in this embodiment), and the upper transparent
electrode 16 is provided on the cohesion layer 15a.

[0152] In addition, a cohesion layer 6a is formed on a front surface of a base material 6 (referred to as a lower base
material in this embodiment), and the lower transparent electrode 11 is provided on the cohesion layer 6a.

[0153] The cohesion layer 15a is provided in order to improve adhesion between the upper transparent electrode 16
and the upper base material 15, and the cohesion layer 6a is provided in order to improve adhesion between the lower
transparent electrode 11 and the lower base material 6. In addition, adhesion between a seal material 19 and the cohesion
layers 15a, 6ais higherthan adhesion between the seal material 19 and the upper and lower transparent electrodes 16, 11.
[0154] As illustrated in Fig. 29A, aspect ratios of the upper base material 15 and the lower base material 6 are slightly
different from each other, and the upper base material 15 and the lower base material 6 are arranged such that lateral
sides are shifted from each other.

[0155] In this manner, since the upper base material 15 and the lower base material 6 are arranged shifted from each
other, an exposure surface 5u1 and an exposure surface 5u2 directed towards the lower base material 6 are formed on
an exterior of a laminated region of the upper base material 15 overlapping with the lower base material 6. In addition,
an exposure surface 5d1 and an exposure surface 5d2 directed towards the upper base material 15 are formed on an
exterior of a laminated region of the lower base material 6 overlapping with the upper base material 15 (refer to Fig. 29B).
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(Upper Side Transparent Electrode)

[0156] In this embodiment, the upper transparent electrode 16 is not provided on the entire surface of the upper base
material 15. The upper base material 15 is provided with a first exposure region 30 in which the cohesion layer 15a is
exposed. The upper transparent electrode 16 is divided into a plurality of regions electrically connected (continuous) to
each other through the first exposure region 30.

[0157] The plurality of regions of the upper transparent electrode 16 are as follows:

(1) An exposure surface electrode portion 16a1 provided on the exposure surface 5u1, and an exposure surface
electrode portion 16a2 provided on the exposure surface 5u2.

(2) A rectangular inside electrode portion 16b which is slightly smaller than a region laminated with the lower base
material 6 and which is provided a certain distance inside the outer edge portion in the upper base material 15.
(3) Corner electrode portions 16c0, 16¢1, and 16c2 provided in the vicinity of each of an electricity supply point PO
(POu), a connection point P1 (P1u) and a connection point P2 (P2u), which are provided in an outer circumferential
region having a certain width surrounding an outer circumference of the inside electrode portion 16b in the region
laminated with the lower base material 6 in the upper base material 15.

[0158] Here, in the fifth embodiment, an electricity supply point which supplies electricity to the upper transparent
electrode 16 of the electricity supply point PO is set to POu, and an electricity supply point which supplies electricity to
the lower transparent electrode 11 of the electricity supply point PO is set to POd. The electricity supply point POu is an
electricity supply point provided on the exposure surface 5u2 and the electricity supply point POd is an electricity supply
point provided on the exposure surface 5d1, of the electricity supply point PO.

[0159] A connection point connected to the upper transparent electrode 16 is set to P1u and a connection point
connected to the lower transparent electrode 11 is set to P1d, of the connection point P1.

[0160] The connection point P1d is a connection point of the connection point P1, which is provided on the exposure
surface 5d1.

[0161] The connection point P1u is a connection point of the connection point P1, which is provided on the exposure
surface 5u1, and is located at a position where the FPC 21a further extends from the connection point P1d.

[0162] A connection point connected to the upper transparent electrode 16 is set to P2u and a connection point
connected to the lower transparent electrode 1 is set to P2d, of the connection point P2.

[0163] The connection point P2u is a connection point of the connection point P2, which is provided on the exposure
surface 5u2.

[0164] The connection point P2d is a connection point of the connection point P2, which is provided on the exposure
surface 5d1, and is located at a position where the FPC 21b further extends from the connection point P2u.

[0165] That s, a portion excluding the corner electrode portions 16c0, 16¢1, and 16c2 from the outer circumferential
region having a certain width surrounding the outer circumference of the inside electrode portion 16b in the laminated
region of the upper base material 15 is the first exposure region 30 in which the upper transparent electrode 16 is not
provided. The cohesion layer 15a which is a lower layer of the upper transparent electrode 16 is exposed in the first
exposure region 30.

[0166] Fig. 30 is an enlarged view of a region S surrounded by a dot-and-dash line of Fig. 29A. As illustrated, the
upper transparent electrode 16 is partially removed in the corner electrode portion 16¢1 (the same applies to the corner
electrode portions 16c0 and 16c2 though not illustrated in Fig. 30). The cohesion layer 15a is exposed like streaks,
which form a plurality of first exposure regions 30.

[0167] Such first exposure regions 30 are formed by partially removing the upper transparent electrode 16 by etching.
It should be noted that the first exposure region 30 is not limited to the shape illustrated in the drawing. For example,
the streaks like portion which is provided in the corner electrode portion 16¢1 may be in other shapes insofar as a current
flow from the connection pointP1uto the inside electrode portion 16b, illustrated by an arrow in the drawing, is not hindered.
[0168] The inside electrode portion 16b and an exposure surface electrode portion 16a1 are electrically connected to
each other in the vicinity of the connection point P1u through the corner electrode portion 16¢1.

[0169] In addition, though it is not illustrated, the inside electrode portion 16b and an exposure surface electrode
portion 16a2 are electrically connected to each other in the vicinity of the electricity supply point POu through the corner
electrode portion 16c0, and are electrically connected to each other in the vicinity of the connection point P2u through
the corner electrode portion 16c2.

(Lower Side Transparent Electrode)

[0170] In this embodiment, the lower transparent electrode 11 is not also provided on the entire surface of the lower
base material 6, buta second exposure region 31 exists, in which the cohesion layer 15ais exposed. The lower transparent
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electrode 11 is divided into a plurality of regions electrically connected to each other through the second exposure region
31.
[0171] The plurality of regions of the lower transparent electrode 11 are as follows:

(1) An exposure surface electrode portion 11a1 provided on the exposure surface 5d1, and an exposure surface
electrode portion 11a2 provided on the exposure surface 5d2.

(2) A rectangular inside electrode portion 11b which is slightly smaller than a region laminated with the upper base
material 15 and which is provided a certain distance inside the outer edge portion, in the lower base material 6.
(3) Corner electrode portions 11c0, 11¢1, and 11c2 provided in the vicinity of each of an electricity supply point PO
(P0d), a connection point P1 (P1d), and a connection point P2 (P2d), which are provided in an outer circumferential
region having a certain width surrounding an outer circumference of the inside electrode portion 11b in the region
laminated with the upper base material 15 in the base material 6.

[0172] Thatis, a portion excluding the corner electrode portions 11c0, 11¢1, and 11c2 from the outer circumferential
region having a certain width surrounding the outer circumference of the inside electrode portion 11b in the laminated
region of the lower base material 6, is the second exposure region 31 in which the lower transparent electrode 11 is not
provided. The cohesion layer 15a which is a lower layer of the lower transparent electrode 11 is exposed in the second
exposure region 31.

[0173] In addition, the lower transparent electrode 11 is partially removed in the corner electrode portions 11c0, 11¢1,
and 11c¢2, and the cohesion layer 15a is exposed like streaks, which form a plurality of second exposure regions 31.
[0174] Then, theinside electrode portion 11b and an exposure surface electrode portion 11a1 are electrically connected
to each other in the vicinity of the electricity supply point POd through the corner electrode portion 11c0, and are electrically
connected to each other in the vicinity of the connection point P1d through the corner electrode portion 11c1.

[0175] The inside electrode portion 11b and an exposure surface electrode portion 11a2 are electrically connected to
each other in the vicinity of the connection point P2d through the corner electrode portion 11c2.

(Manufacturing Method)

[0176] Next, a method for manufacturing the light control film 1A of this embodiment will be described. Fig. 31 is a
flowchart illustrating a manufacturing process of the light control film 1A.

(Lower Side Laminate Manufacturing Process SP2)

[0177] First, in a lower laminate manufacturing process SP2, a lower laminate 5D is manufactured.

[0178] The lower laminate manufacturing process SP2 includes a cohesion layer manufacturing process SP2-1, a
lower transparent electrode manufacturing process SP2-2, a lower alignment layer manufacturing process SP2-3, an
etching process SP2-4, and a spacer arranging process SP2-5.

[0179] In the cohesion layer manufacturing process SP2-1, a cohesion layer 6a is manufactured on one surface of a
lower base material 6 by using an acrylic resin, for example by coating.

[0180] Inthe lower transparent electrode manufacturing process SP2-2, a lower transparent electrode 11 is manufac-
tured on approximately the entire surface of the cohesion layer 6a of the lower base material 6 with ITO by a vacuum
film forming such as sputtering.

[0181] In the lower alignment layer manufacturing process SP2-3, a coating liquid for an alignment layer (a lower
alignment layer) 13 is applied onto the lower transparent electrode 11 of the lower base material 6, and is dried, and
then, is cured by irradiation of ultraviolet rays, and thus, the lower alignment layer 13 is manufactured.

[0182] In the etching process SP2-4, the lower alignment layer 13 and the lower transparent electrode 11 are partially
removed by etching.

[0183] As described above, where the lower alignment layer 13 and the lower transparent electrode 11 are removed
partially in the laminated region is a portion excluding corner electrode portions 11c0, 11c1, and 11¢2 from a region
having a certain width surrounding the outer circumference of an inside electrode portion 11b and the streaks-like portion
in the corner electrode portions 11c0, 11¢1, and 11c2.

[0184] Then, where the lower alignment layer 13 and the lower transparent electrode 11 are removed is a second
exposure region 31 in which the cohesion layer 6a is exposed.

[0185] Next, in the spacer arranging process SP2-5, a coating liquid in which bead spacers are dispersed as spacers
12 is applied by a spin coating or the like, and then, a drying treatment and a burning treatment are sequentially executed,
and thus, the spacers 12 (the bead spacers) are randomly arranged on the entire surface of the lower base material 6.
Thus, the lower laminate 5D is manufactured.

[0186] Furthermore, in this embodiment, the bead spacer is used as the spacer 12, but the spacer 12 is not limited
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thereto, and as with the first embodiment, the photospacer may be used.
(Upper Side Laminate Manufacturing Process SP3)

[0187] A subsequent upper laminate manufacturing process SP3 is identical to the lower laminate manufacturing
process SP2, except that the spacer arranging process is notincluded. That s, the upper laminate manufacturing process
SP3 includes a cohesion layer manufacturing process SP3-1, an upper transparent electrode manufacturing process
SP3-2, an upper alignment layer manufacturing process SP3-3, and an etching process SP3-4.

[0188] In the cohesion layer manufacturing process SP3-1, a cohesion layer 15a is manufactured on one surface of
an upper base material 15 by using an acrylic resin through coating.

[0189] In the upper transparent electrode manufacturing process SP3-2, the upper transparent electrode 16 is man-
ufactured on approximately the entire surface of the cohesion layer 15a of the upper base material 15 with ITO by vacuum
film forming such as sputtering.

[0190] In the upper alignment layer manufacturing process SP3-3, a coating liquid for an alignment layer (an upper
alignment layer) 17 is applied onto the upper transparent electrode 16 of the upper base material 15, and is dried, and
then, is cured by irradiation with ultraviolet rays, and thus, the upper alignment layer 17 is manufactured.

[0191] Inthe etching process SP3-4, the upper alignment layer 17 and the upper transparent electrode 16 are partially
removed by etching.

[0192] Where the upper alignment layer 17 and the upper transparent electrode 16 are removed partially in the lam-
inated region is the portion excluding corner electrode portions 16c0, 16¢1, and 16¢c2 from the outer circumferential
region having a certain width surrounding the outer circumference of an inside electrode portion 16b and the streaks-
like portion in the corner electrode portions 16¢0, 16¢1, and 16c2.

[0193] Then, where the upperalignmentlayer 17 and the upper transparent electrode 16 are removed is a first exposure
region 30 in which the cohesion layer 15a is exposed.

[0194] In a seal material coating process SP4 subsequent to the upper laminate manufacturing process SP3, a seal
material 19 is applied onto the lower base material 6 by using a dispenser.

[0195] At this time, a region to be coated with the seal material 19 is a region T surrounded by a dot-and-dash line in
Fig. 30 having a certain width from the outer circumference of the laminated region.

[0196] The region T is the second exposure region 31 in which the lower transparent electrode 11 is not provided
except for the corner electrode portions 11c0, 11¢c1, and 11c2, and the cohesion layer 6a is exposed. In the corner
electrode portions 11c0, 11¢1, and 11c2, the cohesion layer 6a is exposed in the shape of streaks. Therefore, the seal
material 19 is in contact with the cohesion layer 6a in the portion where the lower transparent electrode 11 is not provided.
[0197] Here, since an adhesion strength between the cohesion layer 6a and the seal material 19 is higher than a
cohesion strength between the lower transparent electrode 11 and the seal material 19, the seal material 19 is bonded
appropriately to the lower base material 6.

[0198] Next, in a liquid crystal inflow process SP5, liquid crystals flow into the frame-like seal material 19.

[0199] Furthermore, in this embodiment, a multipoint one drop filling (ODF) injection method is used for the arrangement
of the liquid crystals. The multipoint ODF is a method in which a liquid crystal material is dropped onto a plurality of
positions in the seal material 19 by a dispenser or the like, before the other laminate is bonded thereto.

[0200] In addition, the method is not limited to the multipoint ODF injection method, and another method may be used
in which a gap formed for the liquid crystal layer 8 is filled with the liquid crystal material, after the upper laminate 5U
and the lower laminate 5D are laminated.

[0201] In a laminating process SP6, the upper laminate 5U and the lower laminate 5D, for example, are pressed by
rollers, and are bonded to each other, and thus, the liquid crystal material arranged on the lower laminate 5D is pressed.
At this time, a distance between the upper laminate 5U and the lower laminate 5D in the central portion of the light control
film 1A is retained to the thickness of the spacer 12 (the bead spacer).

[0202] At this time, as with the first embodiment, the upper laminate 5U and the lower laminate 5D are arranged such
that lateral sides are shifted from each other. Accordingly, exposure surfaces (first exposure surfaces) 5u1 and 5u2 are
formed in the upper laminate 5U, and exposure surfaces (second exposure surfaces) 5d1 and 5d2 are formed in the
lower laminate 5D.

[0203] By undergoing such bonding, a region in contact with the seal material 19 in the upper base material 15 is a
region surrounded by a dot-and-dash line in Fig. 30 having a certain width from the outer circumference of the laminated
region.

[0204] This region is the first exposure region 30 in which the upper transparent electrode 16 is not provided except
for the corner electrode portions 16¢0, 16¢1, and 16¢c2 and the cohesion layer 15a is exposed. In addition, the cohesion
layer 15a is exposed in the shape of streaks in the corner electrode portions 16c0, 16¢1, and 16c2. Therefore, the seal
material 19 is in contact with the cohesion layer 6a in the portion where the lower transparent electrode 11 is not provided.
[0205] Here, since an adhesion strength between the cohesion layer 15a and the seal material 19 is higher than a

20



10

15

20

25

30

35

40

45

50

55

EP 3 822 699 A1

cohesion strength between the upper transparent electrode 16 and the seal material 19, the seal material 19 is bonded
appropriately to the upper base material 15.

[0206] Subsequently, in a curing process SP7 of the seal material 19, the seal material 19 is cured by irradiation with
ultraviolet rays and heating, and thus, the liquid crystal cell 4 is manufactured.

[0207] Subsequently, inatrimming process SP8, alaminate produced as described above is trimmed into a rectangular
shape. Furthermore, various methods applicable to trimming of such a type of film material may be adopted, such as
irradiation of a laser beam and trimming using a metallic mold.

[0208] Then, in a pasting process SP9, a linear polarization plate 2 and a linear polarization plate 3 are respectively
bonded to both sides of the liquid crystal cell 4 with an adhesive. In this connection, the bonding process may be omitted
for a case where guest-host type liquid crystals are employed in place of the linear polarization plate.

[0209] Further, in an FPC attaching process SP10, a flexible printed board (FPC) 21 extending from a driving power
source S1 is attached to a light control film 1B.

[0210] The FPC is divided in two directions, and one FPC 21a is connected to an electricity supply point POd of an
exposure surface electrode portion 11a1, and the other FPC 21b is connected to an electricity supply point POu of an
exposure surface electrode portion 16a2. Each of the FPC 21a and the FPC 21b is a two-layer structure for electricity
supply with respect to the lower transparent electrode and electricity supply with respect to the upper transparent elec-
trode.

[0211] The FPC 21a extends along the exposure surface electrode portion 11a1. A portion of the FPC 21afor supplying
electricity to the lower transparent electrode is electrically connected to the exposure surface electrode portion 11a1 at
the electricity supply point PO (P0d) and the connection point P1 (P1d) (refer to Fig. 29B). And a portion of the FPC 21a
for supplying electricity to the upper transparent electrode is electrically connected to the exposure surface electrode
portion 16a1 at the connection point P1 (P1u) (refer to Fig. 29A).

[0212] The FPC 21b extends along the exposure surface electrode portion 16a2. A portion of the FPC 21b for supplying
electricity to the upper transparent electrode is electrically connected to the exposure surface electrode portion 11a2 at
the electricity supply point PO (POu) and the connection point P2 (P2u) (refer to Fig. 29A). And a portion of the FPC 21b
for supplying electricity to the lower transparent electrode is electrically connected to the exposure surface electrode
portion 11a2 at the connection point P2 (P2d) (refer to Fig. 29B) .

[0213] As described above, the light control film 1B is manufactured.

[0214] According to this embodiment, the following effects are obtained in addition to the same effects as those of the
third embodiment.

[0215] According to this embodiment, in the lower base material 6, a region to be coated with the seal material 19 is
aregion surrounded by a dot-and-dash line in Fig. 30, having a certain width from the outer circumference of the laminated
region. The portion is the second exposure region 31 in which the lower transparent electrode 11 is not provided except
for the corner electrode portions 11c0, 11c1, and 11c2 and the cohesion layer 6a is exposed. And the cohesion layer
6a is exposed in the shape of streaks in the corner electrode portions 11c0, 11¢c1, and 11c2.

[0216] In addition, the region in contact with the seal material 19 in the upper base material 15 is the region surrounded
by the dot-and-dash line in Fig. 30, having a certain width from the outer circumference of the laminated region. This
region is the first exposure region 30 in which the upper transparent electrode 16 is not provided except for the corner
electrode portions 16c0, 16¢1, and 16c2 and the cohesion layer 15a is exposed. And the cohesion layer 15a is exposed
in the shape of streaks in the corner electrode portions 16c0, 16c1, and 16c2.

[0217] That s, the seal material 19 is in contact with the cohesion layer 15a provided on the upper base material 15
and the cohesion layer 6a provided on the lower base material 6. And the adhesion strength between the cohesion
layers 15a, 6a and the seal material 19 is higher than the cohesion strength between the lower transparent electrode
11 or the upper transparent electrode 16 and the seal material 19.

[0218] For this reason, the adhesion between the seal material 19 and the lower and upper base materials 6, 15 is
excellent. Accordingly, a possibility that the seal material 19 is peeled off is low.

[0219] In this embodiment, it has been described: The upper transparent electrode 16 is not provided except for the
corner electrode portions 16c0, 16¢1, and 16¢2 in the region having a certain width from the outer circumference of the
laminated region; and the lower transparent electrode 11 is not provided except for the corner electrode portions 11c0,
11¢1 and 11c2 and the cohesion layer 15a is exposed.

[0220] However, it is not limited thereto, and the transparent electrodes 16 and 11 may be patterned such that a part
of the transparent electrodes 16 and 11 remains in a region other than the corner electrode portions. Thus, the adhesion
is improved due to the concavities and convexities of the patterned transparent electrodes 16 and 11.

[0221] Further, since an exposure method of the cohesion layer 6a and the cohesion layer 15a in the lower base
material 6 and the upper base material 15, respectively, is performed in the etching process, this embodiment provides
an effect of making the patterning easy.
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(Sixth Embodiment)

[0222] Next, a light control film 1C of a sixth embodiment will be described. Figs. 32A and 32B are each a plan view
of the light control film 1C of the sixth embodiment, in which Fig. 32A is a diagram illustrating the patterning shape of
an upper transparent electrode 16, and Fig. 32B is a diagram illustrating the patterning shape of a lower transparent
electrode 11.

[0223] In the following description, the same reference numerals will be applied to the same portions as those of the
third embodiment or the fifth embodiment, and the description thereof will be omitted. The sixth embodiment is different
from the fifth embodiment in: shapes of a base material 15 (referred to as an upper base material in this embodiment)
and a base material 6 (referred to as a lower base material in this embodiment); shapes of the upper transparent electrode
16 and the lower transparent electrode 11; and a wiring method.

[0224] In the sixth embodiment also, a cohesion layer 15a is formed on the front surface of the upper base material
15 and the upper transparent electrode 16 is provided on the cohesion layer 15a. In addition, a cohesion layer 6a is
formed on the front surface of the lower base material 6 and the lower transparent electrode 11 is provided on the
cohesion layer 6a.

[0225] As illustrated in Fig. 32A, the upper base material 15 is in a rectangular shape approximately similar to that of
the lower base material 6, and is smaller than the lower base material 6. The upper base material 15 is laminated on
the lower base material 6 such that two sides in four outer circumferential sides overlap with each other. The two sides
overlapping with each other are two sides extending from a point P4 diagonal to an electricity supply point PO.

[0226] Accordingly, in the lower transparent electrode 11, an exposure surface 5d1 directed towards the upper trans-
parent electrode 16 is formed in an edge portion extending to a connection point P1 (P1d and P1u) along a longitudinal
direction from an electricity supply point PO (POd). In addition, an exposure surface 5d2 directed towards the upper
transparent electrode 16 is formed in an edge portion extending to a connection point P2 (P2d and P2u) from the electricity
supply point PO (POu) along a direction orthogonal to the longitudinal direction.

[0227] In the sixth embodiment, an electricity supply point of the electricity supply point PO which supplies electricity
to the upper transparent electrode 16 is set to POu, and an electricity supply point of the electricity supply point PO which
supplies electricity to the lower transparent electrode 11 is set to P0Od.

[0228] Of the electricity supply point PO, the electricity supply point POu is provided on the exposure surface 5d2 and
the electricity supply point POd is provided on the exposure surface 5d1.

[0229] Of the connection point P1, one connection point which is connected to the upper transparent electrode 16 is
set to P1u, and the other connection point which is connected to the lower transparent electrode 11 is set to P1d.
[0230] The connection point P1u is provided at an end opposite to the electricity supply point PO on the exposure
surface 5d1, and the connection point P1d is located at a region which is closer to the electricity supply point PO than
the connection point P1u in an end portion on the exposure surface 5d1.

[0231] A connection point of the connection point P2 which is connected to the upper transparent electrode 16 is set
to P2u, and a connection point of the connection point P2 which is connected to the lower transparent electrode 11 is
set to P2d.

[0232] The connection point P2u is provided at an end opposite to the electricity supply point PO on the exposure
surface 5d2, and the connection point P2d is located at a region which is closer to the electricity supply point PO than
the connection point P2u in an end portion on the exposure surface 5d2.

(Upper Side Transparent Electrode)

[0233] In this embodiment, the upper transparent electrode 16 is not provided on the entire surface of the upper base
material 15, but a first exposure region 30 exists, in which the cohesion layer 15a is exposed. The upper transparent
electrode 16 is divided into a plurality of regions electrically connected to each other through the first exposure region 30.
[0234] The plurality of regions of the upper transparent electrode 16 are as follows:

(1) A rectangular inside electrode portion 16b slightly smaller than the upper base material 15, inside a certain
distance from the outer circumference of the upper base material 15.

(2) Corner electrodes 16e0, 16e1, and 16e2 provided in the vicinity of each of the electricity supply point POu, the
connection point P1u, and the connection point P2u, in a region in the vicinity of the corner of the outer circumferential
region of the inside electrode portion 16b.

[0235] Thatis, a portion excluding the corner electrodes 16e0, 16e1, and 16e2 from the outer circumferential region
having a certain width surrounding the outer circumference of the inside electrode portion 16b in the laminated region
of the upper base material 15 is the first exposure region 30 in which the upper transparent electrode 16 is not provided.
In this portion, the cohesion layer 15a which is the lower layer of the upper transparent electrode 16 is exposed.
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[0236] As with the fifth embodiment, in the corner electrodes 16e0, 16e1, and 16e2, the upper transparent electrode
16 is partially removed and the cohesion layer is exposed in the shape of streaks, forming a plurality of first exposure
regions 30.

(Lower Side Transparent Electrode)

[0237] In this embodiment, the lower transparent electrode 11 is not provided on the entire surface of the lower base
material 6, and a second exposure region 31 exists, in which the cohesion layer 15a is exposed. The lower transparent
electrode 11 is divided into a plurality of regions electrically connected to each other through the second exposure region
31.

[0238] The plurality of regions of the lower transparent electrode 11 are as follows:

(1) A rectangular inside electrode portion 11b slightly smaller than a region laminated with the upper base material
15 and being located a certain distance inside the outer edge portion in the lower base material 6.

(2-1) A corner electrode portion 11f1 which is provided at the connection point P1d of the exposure surface 5d1
extends into the laminated region from the exposure surface 5d1, and is electrically connected to the inside electrode
portion 11b.

(2-2) A corner electrode portion 11f0 which is provided at the electricity supply point POd of the exposure surface
5d1, extends into the laminated region from the exposure surface 5d1, and is electrically connected to the inside
electrode portion 11b.

(2-3) A corner electrode portion 11f2 which is provided at the connection point P2d of the exposure surface 5d2,
extends into the laminated region from the exposure surface 5d2, and is electrically connected to the inside electrode
portion 11b.

(3-1) An upper connection electrode portion 11e1 which is provided at the connection point P1u of the exposure
surface 5d1 extends into the laminated region from the exposure surface 5d1, and is not electrically connected to
the inside electrode portion 11b.

(3-2) An upper connection electrode portion 11e0 which is provided at the electricity supply point POu of the exposure
surface 5d2, extends into the laminated region from the exposure surface 5d2, and is not electrically connected to
the inside electrode portion 11b.

(3-3) An upper connection electrode portion 11e2 which is provided at the connection point P2u of the exposure
surface 5d2, extends into the laminated region from the exposure surface 5d2, and is not electrically connected to
the inside electrode portion 11b.

[0239] Fig. 33 is an enlarged view of a region S surrounded by a dot-and-dash line of Fig. 32A, and is a diagram
illustrating the patterning shape of the upper and lower transparent electrodes. Fig. 34 is a sectional view along line A-
B of Fig. 33.

[0240] Asillustrated, a bead seal portion 191 in which a seal material containing a bead 32 having electrical conductivity
is arranged where the corner electrode 16e1 provided on the upper base material 15 overlaps with the upper connection
electrode portion 11e1 provided on the lower base material 6, in the laminated region of the upper base material 15 and
the lower base material 6. The corner electrode 16e1 provided on the upper base material 15 and the upper connection
electrode portion 11e1 provided on the lower base material 6 are electrically connected to each other through the bead
32. Furthermore, in Figs. 33 and 34, in order to facilitate understanding, one bead 32 is illustrated, but in actual, a plurality
of beads are arranged. In addition, the bead 32 is formed of a resin, the surface of which is subjected to gold plating.
[0241] Thoughitis notillustrated, the bead seal portion 191 is also arranged where the corner electrode 16e0 provided
on the upper base material 15 overlaps with the upper connection electrode portion 11e0 provided on the lower base
material 6, and where the corner electrode 16e2 provided on the upper base material 15 overlaps with the upper
connection electrode portion 11e2 provided on the lower base material 6, in the laminated region of the upper base
material 15 and the lower base material 6.

[0242] An FPC 21 extending from a driving power source is divided into two directions. One FPC 21a extends on the
exposure surface 5d1 and the other FPC 21b extends on the exposure surface 5d2.

[0243] Aline of the FPC 21a for electricity supply to the lower transparent electrode is connected to the corner electrode
portion 11f0 at the electricity supply point POd and is connected to the corner electrode portion 11f1 at the connection
point P1d. Each of the corner electrode portion 11f0 and the corner electrode portion 11f1 is connected to the inside
electrode portion 11b, and thus, power for supplying electricity to the lower transparent electrode is supplied to the inside
electrode portion 11b from the FPC 21a.

[0244] A line of the FPC 21a for supplying electricity to the upper transparent electrode is connected to the upper
connection electrode portion 11e1 at the connection point P1u. Since the upper connection electrode portion 11e1 is
connected to the corner electrode 16e1 through the bead 32 in the bead seal portion 191, power for electricity supply
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to the upper transparent electrode is supplied to the inside electrode portion 16b from the FPC 21a. Furthermore, a
conductive member is not limited to the bead seal portion 191 insofar as electrically connecting the upper and lower
transparent electrodes together.

[0245] The line of the FPC 21b for electricity supply to the lower transparent electrode is connected to the corner
electrode portion 11f2 at the connection point P2d. Since the corner electrode portion 11f2 is connected to the inside
electrode portion 11b, power for supplying electricity to the lower transparent electrode is supplied to the inside electrode
portion 11b from the FPC 21a.

[0246] The line of the FPC 21b for supplying electricity to the upper transparent electrode is connected to the upper
connection electrode portion 11e0 at the electricity supply point POu. Since the upper connection electrode portion 11e0
is connected to the corner electrode 16e0 through the bead 32 in the bead seal portion 191, the power for supplying
electricity to the upper transparent electrode is supplied to the inside electrode portion 16b from the FPC 21a.

[0247] In addition, the line for supplying electricity to the upper transparent electrode is connected to the upper con-
nection electrode portion 11e2 at the connection point P2u. Since the upper connection electrode portion 11e2 is con-
nected to the corner electrode 16e2 through the bead 32 in the bead seal portion 191, the power supplying for electricity
to the upper transparent electrode is supplied to the inside electrode portion 16b from the FPC 21a.

[0248] In this embodiment, the light control film 1C is manufactured as with the fifth embodiment.

[0249] That is, the seal material 19 is in contact with the second exposure region 31 in which the lower transparent
electrode 11 is not provided and the cohesion layer 15a is exposed in the lower base material 6. In addition, the seal
material 19 is in contact with the first exposure region 30 in which the upper transparent electrode 16 is not provided
and the cohesion layer 15a is exposed in the upper base material 15.

[0250] Accordingly, the seal material 19 is in contact with the cohesion layer 15a provided on the upper base material
15 and the cohesion layer 6a provided on the lower base material 6. The adhesion strength between the cohesion layers
15a, 6a and the seal material 19 is higher than the adhesion strength between the lower and upper transparent electrodes
11, 16 and the seal material 19. For this reason, the adhesion between the seal material 19 and the lower and upper
base materials 6, 15 is excellent, and thus, a possibility that the seal material 19 is peeled off is low.

(Seventh Embodiment)

[0251] Next, a light control film 1E of a seventh embodiment will be described.

[0252] Figs. 36A and 36B are each a plan view of the light control film 1E of the seventh embodiment. Fig. 36A is a
diagram illustrating the patterning shape of an upper transparent electrode 16, and Fig. 36B is a diagram illustrating the
patterning shape of a lower transparent electrode 11.

[0253] In the following description, the same reference numerals will be applied to the same portions as those of any
one of the third embodiment, the fifth embodiment, and the sixth embodiment, and the description thereof will be omitted.
The seventh embodiment is different from the third embodiment in: shapes of a base material 15 (referred to as an upper
base material in this embodiment) and a base material 6 (referred to as a lower base material in this embodiment); the
shape of the upper transparent electrode 16 and the lower transparent electrode 11; and the wiring method, etc.
[0254] In this embodiment, the upper base material 15 and the lower base material 6 are in the same rectangular
shape, and when observing the light control film 1E from a normal direction with respect to an in-plane direction, the
upper base material 15 and the lower base material 6 are arranged such that four lateral sides are coincident with each
other.

(Upper Side Transparent Electrode)

[0255] In this embodiment, the upper transparent electrode 16 is not provided on the entire surface of the upper base
material 15, but is formed inside a first exposure region 30 provided on the peripheral portion of the upper base material
15. The first exposure region 30 is formed along four lateral sides of the upper base material 15 with a predetermined
width, and is a region in which a cohesion layer 15a is exposed.

(Lower Side Transparent Electrode)

[0256] In this embodiment, the lower transparent electrode 11 is not provided on the entire surface of the lower base
material 6, butis formed inside a second exposure region 31 provided on the peripheral portion of the lower base material
6. The second exposure region 31 is formed along four lateral sides of the lower base material 6 with a predetermined
width (in this embodiment, the same width as that of the first exposure region 30), and is a region in which a cohesion

layer 6a is exposed. The lower transparent electrode 11 includes the following regions:

(1) Aninside electrode portion 11b which is formed inside the second exposure region 31 and is electrically connected
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to an electricity supply point POd and connection points P1d and P2d.

(2-1) An upper connection electrode portion 11e1 which is provided at the connection point P1u and a region
surrounding the connection point P1u, and which is not electrically connected to the inside electrode portion 11b.

(2-2) An upper connection electrode portion 11e0 which is provided at the electricity supply point POu and a region
surrounding the electricity supply point POu, and which is not electrically connected to the inside electrode portion 11b.
(2-3) An upper connection electrode portion 11e2 which is provided at the connection point P2u and a region
surrounding the connection point P2u, and which is not electrically connected to the inside electrode portion 11b.
Furthermore, in this embodiment, an example has been described in which the first exposure region 30 and the
second exposure region 31 are formed, but it is not limited thereto, and for example, the first exposure region 30
and the second exposure region 31 may not be formed.

[0257] Figs. 37A and 37B are each a diagram illustrating the patterning shape or the like of the upper and lower
transparent electrodes at the connection point P1. Fig. 37A is an enlarged view of a region S2 surrounded by a dot-and-
dash line illustrated in Fig. 36A, and Fig. 37B is a sectional view along line A2-B2 illustrated in Fig. 37A.

[0258] A bead seal portion 191 containing beads 32 having electrical conductivity is provided between the upper
transparent electrode 16 and the upper connection electrode portion 11e1 in a region where the upper transparent
electrode 16 overlaps with the upper connection electrode portion 11e1 provided on the lower base material 6 when the
light control film 1E is observed from a normal direction with respect to an in-plane direction, as with the fourth embodiment
described above. The upper transparent electrode 16 and the upper connection electrode portion 11e1 are electrically
connected to each other through the beads 32.

[0259] Though it is not illustrated, the bead seal portion 191 containing the beads 32 is also arranged in a portion
where the upper transparent electrode 16 provided on the upper base material 15 overlaps with the upper connection
electrode portion 11e0 provided on the lower base material 6 and in a portion where the upper transparent electrode 16
provided on the upper base material 15 overlaps with the upper connection electrode portion 11e2 provided on the lower
base material 6, when the light control film 1E is observed from the normal direction with respect to the in-plane direction.
In this embodiment, the bead seal portion 191 is described as an example, but a conductive member electrically connecting
each of the upper connection electrode portions and the upper transparent electrode 16 together is not limited to the
bead seal portion 191 insofar as electrically connecting the upper and lower transparent electrodes.

[0260] In Figs. 36A, 36B and the like, in the vicinity of the corner of the light control film 1E, in which an electricity
supply point PO (POu and P0d) is provided, FPCs 21a and 21b extend in two directions along the lateral sides of the
upper base material 15 and the lower base material 6 from the FPC 21 towards the adjacent corners.

[0261] Then, the FPC 21a is connected to the upper and lower transparent electrodes at the connection point P1 (P1u
and P1d), and the FPC 21b is connected to the upper and lower transparent electrodes at the connection point P2 (P2u
and P2d).

[0262] In this embodiment, it is described that the FPCs 21a and 21b are positioned outside the light control film 1E,
but the FPCs 21a and 21b are not limited thereto, and FPCs 21a and 21b may be fixed onto the front surface of the light
control film 1E by bonding with an adhesive or the like.

[0263] In addition, the FPCs 21a and 21b include respective lines 21au and 21bu for supplying electricity to the upper
transparent electrode, and respective lines 21bu and 21bd for supplying electricity to the lower transparent electrode.
In Figs. 36A and 36B, in order to facilitate understanding, the lines are illustrated separately from each other. However,
the line for supplying electricity to the upper transparent electrode and the line for supplying electricity to the lower
transparent electrode are, in practical use, laminated through an insulating layer and configured as one flexible printed
board.

[0264] A line 21d of the FPC 21 for supplying electricity to the lower transparent electrode is connected to the inside
electrode portion 11b at the electricity supply point POd.

[0265] In addition, lines 21ad and 21bd of the FPCs 21a and 21b for supplying electricity to the lower transparent
electrode are respectively connected to the inside electrode portion 11b at the connection points P1d and P2d.

[0266] In this manner, the power for supplying electricity to the lower transparent electrode is supplied to the inside
electrode portion 11b of the lower transparent electrode 11 from the FPC 21.

[0267] Aline 21u of the FPC 21 for supplying electricity to the upper transparent electrode is connected to the upper
connection electrode portion 11e0 at the electricity supply point POu. The upper connection electrode portion 11e0 is
connected to the upper transparent electrode 16 through the beads 32 in the bead seal portion 191, and the power for
supplying electricity to the upper transparent electrode is supplied to the upper transparent electrode 16 from the FPC 21.
[0268] The line 21au of the FPC 21a for supplying electricity to the upper transparent electrode is connected to the
upper connection electrode portion 11e1 atthe connection point P1u. As described above, the upper connection electrode
portion 11e1 is connected to the upper transparent electrode 16 through the beads 32 in the bead seal portion 191, and
the power for supplying electricity to the upper transparent electrode is supplied to the upper transparent electrode 16
from the FPC 21a.

25



10

15

20

25

30

35

40

45

50

55

EP 3 822 699 A1

[0269] In addition, the line 21bu for supplying electricity to the upper transparent electrode is connected to the upper
connection electrode portion 11e2 at the connection point P2u. The upper connection electrode portion 11e2 is connected
to the upper transparent electrode 16 through the beads 32 in the bead seal portion 191, and the power for supplying
electricity to the upper transparent electrode is supplied to the upper transparent electrode 16 from the FPC 21bu.
[0270] The light control film 1E of this embodiment is manufactured as with the fifth embodiment.

[0271] Though itis notillustrated in Figs. 36A and 36B, in this embodiment, the seal material 19 is provided along the
outer edge of a region in which the inside electrode portion 11b overlaps with the upper transparent electrode 16, with
a predetermined width. In this embodiment, the seal material 19 is in contact with the exposed cohesion layer 6a in the
second exposure region 31 of the lower base material 6, and is in contact with the exposed cohesion layer 15a in the
first exposure region 30 of the upper base material 15. As described above, the adhesion strength between the cohesion
layers 15a, 6a and the seal material 19 is higher than the adhesion strength between the lower and upper transparent
electrodes 11, 16 and the seal material 19. Accordingly, the adhesion between seal material 19 and the lower and upper
base materials 6, 15 is improved, and thus, the seal material 19 can be prevented from peeling off.

[0272] As described above, base materials in the same shape can be used as the upper base material 15 and the
lower base material 6, and the production cost can be reduced. In addition, it is possible to prevent the seal material 19
from peeling off, and to improve the quality of the light control film 1E.

(Other Modification Embodiments)

[0273] In each of the embodiments and the like, it has been described that the light control film is bonded to the sunroof
of a vehicle, but the light control film is not limited thereto. For example, the light control film may be bonded to windows
of a vehicle (a rear window, front window and side window), or may be bonded to a window of a building or the like.
[0274] In addition, in each of the embodiments and the like, the light transmissive member to which the light control
film is bonded is not limited to glass. The light control film may be bonded to a plate-like light transmissive member of
a resin such as acryl or PC.

[0275] In addition, in each of the embodiments and the like, the electrical wire is not limited to the FPC. A member in
which a copper foil is laminated on an insulating layer may be bonded onto the light control film.

[0276] In the third embodiment to the seventh embodiment, various driving modes such as a twisted nematic (TN)
mode and an in plane switching (IPS) mode may be applied to the liquid crystal cell 4 instead of the VA mode.

[0277] In addition, in the third embodiment to the seventh embodiment, guest-host type liquid crystals may be used
for the liquid crystal layer 8.

EXPLANATION OF REFERENCE NUMERALS
[0278]

1, 1A, 1B, 1C, 1D, 1E  LIGHT CONTROL FILM

2 LINEAR POLARIZATION PLATE

2A, 3A PHASE DIFFERENCE FILM

3 LINEAR POLARIZATION PLATE

4 LIQUID CRYSTAL CELL

4a LIQUID CRYSTAL MOLECULES

5D LOWER LAMINATE

5DL FIRST LOWER LATERAL SIDE

5DS SECOND LOWER LATERAL SIDE

5DS, 5DU LATERAL SIDE

5U UPPER LAMINATE

5UL FIRST UPPER LATERAL SIDE

5USC SECOND UPPER LATERAL SIDE

5d, 5u EXPOSURE SURFACE

6 BASE MATERIAL (UPPER BASE MATERIAL)

8 LIQUID CRYSTAL LAYER

11 TRANSPARENT ELECTRODE (UPPER TRANSPARENT ELECTRODE)
12 SPACER

13 ALIGNMENT LAYER (LOWER SIDE ALIGNMENT LAYER)
15 BASE MATERIAL (UPPER BASE MATERIAL)

16 TRANSPARENT ELECTRODE (UPPER TRANSPARENT ELECTRODE)
17 ALIGNMENT LAYER (UPPER ALIGNMENT LAYER)
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SEAL MATERIAL
BEAD SEAL PORTION
VEHICLE

OPENING

SUNROOF

[0279] Further aspects, features and embodiments of the present invention are described in the following items:

Item 1. A vehicle comprising:

a sunroof; and

a light control film having a vertically-aligned liquid crystal layer attached to the sunroof,

wherein the light control film is attached to the sunroof of the vehicle such that liquid crystal molecules fall to a
rear of the vehicle when an electric field is applied to the liquid crystal layer.

Item 2. The vehicle according to Item 1,
wherein an electricity supply position of the light control film is located at an edge portion of the light control film and
rearward from a center of the light control film in a front-rear direction of the vehicle.

Item 3. The vehicle according to Item 1,
wherein the light control film is attached to the sunroof of the vehicle such that the liquid crystal molecules fall
diagonally rearward with respect to the vehicle when an electric field is applied to the liquid crystal layer.

Iltem 4. The vehicle according to Item 1,

wherein a direction in which the liquid crystal molecules fall when an electric field is applied to the liquid crystal layer
is configured to be in a direction of =135° and in a vicinity thereof when a travelling direction of the vehicle is set to
0° in an in-plane direction of the light control film.

Iltem 5. The vehicle according to Item 1,
wherein an electricity supply position of the light control film is an edge portion of the light control film and is a
diagonal rear of the vehicle.

Item 6. A light control film, comprising:

a planar transparent electrode which is arranged on a base material and provided with an electricity supply
point connected to a driving power source; and

an electrical wire electrically connected to the transparent electrode, wherein

the electricity supply point is provided in an outer edge portion of the transparent electrode, and

the electrical wire extends along the outer edge portion of the base material from the electricity supply point
and is electrically connected to the transparent electrode at a connection point provided at a position different
from the electricity supply point.

Iltem 7. The light control film according to Item 6, wherein

the base material includes a first base material and a second base material,

the transparent electrode includes a first transparent electrode arranged on the first base material and a second
transparent electrode arranged on the second base material,

the first base material and the second base material are arranged such that the first transparent electrode and the
second transparent electrode face each other with liquid crystals interposed therebetween,

a first exposure surface not overlapping with the second base material is formed on a surface of the first base
material on a second base material side,

a second exposure surface not overlapping with the first base material is formed on a surface of the second base
material on a first base material side, and

the electrical wire is arranged on the first exposure surface and the second exposure surface.

Item 8. The light control film according to Item 6, wherein

the base material includes a first base material and a second base material,

the transparent electrode includes a first transparent electrode arranged on the first base material and a second
transparent electrode arranged on the second base material,
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the first base material and the second base material are arranged such that the first transparent electrode and the
second transparent electrode face each other with liquid crystals interposed therebetween,

the first base material and the second base material are laminated such that a laminated region in which the first
base material and the second base material overlap with each other is generated, and an exposure surface in which
the first base material and the second base material do not overlap with each other is generated,

the liquid crystals and a seal material arranged to surround the liquid crystals are arranged in the laminated region,
a first exposure region not including the first transparent electrode exists in a portion of the first base material in
which the seal material is arranged, and

a second exposure region not including the second transparent electrode exists in a portion of the second base
material in which the seal material is arranged.

Iltem 9. The light control film according to ltem 8,
wherein one portion of the second transparent electrode is insulated from the other portion and the one portion is
electrically connected to the first transparent electrode.

Item 10. The light control film according to Item 6,
wherein the electrical wire comprises a flexible printed board in which a thickness of a copper foil is greater than or
equal to 9 micrometers.

Item 11. The light control film according to Item 10,
wherein two layers of copper foils are laminated each other with an insulating layer interposed therebetween in the
flexible printed board.

Item 12. The light control film according to Item 6,
wherein the electrical wire extends originating from the electricity supply point along two sides extending in different
directions.

Item 13. A light control member, comprising:

a transparent member; and
the light control film according to Item 6 arranged on the transparent member.

Item 14. A vehicle comprising:
the light control film according to Item 6 arranged in a portion on which external light is incident.

Iltem 15. A method for supplying electricity to a light control film including a planar transparent electrode for which
an electricity supply point connected to a driving power source is provided and an electrical wire electrically connected
to the transparent electrode, the method comprising:

supplying electricity to the transparent electrode from the electricity supply point and a connection point provided
in a position different from the electricity supply point, both of which are provided in an outer edge portion of the
transparent electrode.

Claims

A vehicle (130) comprising:

a sunroof (132); and

a light control film (1, 1A, 1B, 1C, 1D-1, 1D-2, 1E) having a vertically-aligned liquid crystal layer (8) attached to
the sunroof (132),

wherein the light control film (1, 1A, 1B, 1C, 1D-1, 1D-2, 1E) is attached to the sunroof (132) of the vehicle (130)
such that liquid crystal molecules (4a) tilt in a direction towards a rear of the vehicle (130) when an electric field
is applied to the liquid crystal layer (8).

2. The vehicle (130) according to claim 1,

wherein an electricity supply position of the light control film (1, 1A, 1B, 1C, 1D-1, 1D-2, 1E) is located at an edge
portion of the light control film (1, 1A, 1B, 1C, 1D-1, 1D-2, 1E) and rearward from a center of the light control film
(1, 1A, 1B, 1C, 1D-1, 1D-2, 1E) in a front-rear direction of the vehicle (130).
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The vehicle (130) according to claim 1,

wherein the light control film (1, 1A, 1B, 1C, 1D-1, 1D-2, 1E) is attached to the sunroof (132) of the vehicle (130)
such that the liquid crystal molecules (4a) fall diagonally rearward with respect to the vehicle (130) when an electric
field is applied to the liquid crystal layer (8).

The vehicle (130) according to claim 1,

wherein a direction in which the liquid crystal molecules (4a) fall when an electric field is applied to the liquid crystal
layer (8) is configured to be in a direction of =135°and in a vicinity thereof when a travelling direction of the vehicle
(130) is set to 0° in an in-plane direction of the light control film (1, 1A, 1B, 1C, 1D-1, 1D-2, 1E).

The vehicle (130) according to claim 1,

wherein an electricity supply position of the light control film (1, 1A, 1B, 1C, 1D-1, 1D-2, 1E) is an edge portion of
the light control film (1, 1A, 1B, 1C, 1D-1, 1D-2, 1E) and is a diagonal rear of the vehicle (130).
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FIG. 7A
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FIG. 9
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